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THE MOVEMENTS OF PLANTS. 


— 


INTRODUOTION, 
Tue chief object of the present work is to describe 


tment, common to almost all plants. The most widely 
movement is essentially of the same natun: 


by 
Sachs “revolving nutation;” bat we have found it 
| much more convenient to use the terms efrowmnutation 


say towards the north, it will be found gradually to 
bend more and more easterly, until it faces the east ; 
and so onwards to the south, then to the west, and 
to the north. If the movement had boon 
the apex would have described a circle, 
the stem is always growing upwards, a 
spiral But it generally describes irregular 
i oval figures; for the apex, after point- 
éne direction, commonly moves back 
opposite side, not, however, retarning along 
ame line, Afterwards other irogular ellipses 


or ovals are successively described, with their longer 
B 
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2 INTRODUCTION. 


axes directed to different points of the compass. 
Whilst describing such figures, the apex often travels 
in a zigzag line, or makes small subordinate loops or 
triangles. In the case of leaves the ellipses are 
generally narrow. 

Until reeently the canse of all such bending moye- 
ments was believed to be due to the increased growth 
of the side which becomes for a time convex ; that this 
side does temporarily grow more quickly than the 
concave side has been well established ; but De Vries 
has lately shown that such increased growth follows 
a previously increased atate of turgescence on the 
convex side.* In the case of paris provided with a 
so-called joint, cushion or pulvinus, which consists of 
an aggregate of mall cells that have ceased to 
increase in size from a very early age, we meet with 
similar movements; and here, as Pfeffer has shown t 
and as we shall see in the course of this work, 
the increased turgescence of the cells on opposite 
sides is not followed by increased growth, Wiesner 
denice in certain cases the accuracy of De Vries’ con- 
clusion about turgeseence, and, maintains ¢ that the 
increased extensibility of the cell-walls ix the more 
important element. That such extensibility must 
‘Sccompany increased turgescence in order that the part 
may bend is manifest, and this has been insisted on by 
sevoral botanists ; but in the case of unicellular plants 
it can hardly fail to be the moro important element. 
On tho whole we may at present conclude that in- 


tok dey holt pd) ef "Dio Perlacen Bowes 
inde onneton bwe tr «7s, 
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creased growth, first on one side and then on another, 
is a secondary effect, and that the increased tur- 
gesconce of the cells, together with the extensibility 
of their walls, is the primary cause of the movement of 
eireumnutation.* 

Tn the course of the present volume it will ba shown 
‘that apparontly every growing part of every plant is 


broken through the ground, as well as their buried 
Riese prcs ta cae sarmenlipne 


the acquirement, according to the requirements of the 
plant, of the most diversified movements. Thus, the 
great sweeps mude by the stems of twining plants, 
and by the tendrils of other climbers, result from 
‘@ mere increase in the amplitude of the ordinary 
‘movement of circumnutation. The position which 
young Ieayes and other organs ultimately assume 
is nequired by the circumnutating movement being 
some one direction. ‘The leaves of 

various plants are said to sleep at night, and it will 
that their blades then assume a vertical 
position engl modified cireumnutation, in order 
to protect their upper surfaces from being chilled 
‘through radiation. Tho movements of various organs 
to the light, which are so general throughout the 
vegetable kingdom, and occasionally from the light, 
or transversely with respect to it, are all modified 


‘Naturkunde in Wrtemberg,” 
487, p. 311) on tho curious nore 
menis of ‘4 plnnt con- 
‘af «single avw of oolly, tre 
‘in relation to thissnbject. 
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forms of cireamnutation; as again are the equally 
prevalent movements of stems, éc., towards the zenith, 
and of roots towards the centre of the earth, In 
accordance with these conclusions, a considerable diffi- 
culty in the way of evolution is in part removed, for 
it might haye been asked, how did all their diversifled 
movements for the most different purposes first arise? 
As the case stands, we know that there is always 
movement in progress, and its amplitude, or direc- 
tion, or both, have only to be modifled for the good 
of the plant in relation with internal or external 
stimuli. 

Besides describing the several modified forms of 
cireumnutation, some other subjects will be discussed. 
‘The two which have interested us most are, firstly, the 
faet that with some seedling plants the uppermost 
part alone is sensitive to light, and transmits an influ- 
ence to the lower part, causing it to bend, If thero- 
fore the upper part be wholly protected from light, 
the lower part may be exposed for hours to it, and yet 
does not become in the least bent, although this would 
have occurred quickly if the upper part had been 
excited by light. Secondly, with the radicles of seed- 
lings, the tip is sensitive to various stimuli, es 
cially to very slight pressure, and, when thus ¢: 
transmits an influence to the upper part, causing it to 
bend from the pressed side. On the other hand, if 
the 


of contact, other irritants, vapour, light, and the 


stint a inprnt bg aries 
such movements. 


designate on apheliotropirm bonding from the light. There is 
another reason for this change, for writers, as wo have 


‘bat in the samo manner as gravitation, though defined as the 

uct of tending to the centre," is often used to express the cauxo 

‘of w body falling, so it will be found convenient occasionally to 

| employ holiotropicm and geotropiam, &c., aa the cause of tho 
movements in question, 

‘The term epinasty is now often used in Germany, and implies 

Seid eae tipper sattiod fan Srpas: grows mare <qaislsy than the 
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22) giz $262222279) Begs Bese 23 2 
COE aie Ee IE 
VIER ETH eertoH 
BHT IH eT eee iilninl? 
Hae Te aa 
BU eg Gin 
Fete iinet i 
He dleniual fie ty 
He HE HEAT He 


inanimate object which was made to slide along a stright 
edge and dota wore repeatedly mado on a glnas-plate; whew 
these were joined, the resolt ought to have been a perfectly 
stright line, and the line was very nearly straight. Tt may be 
addod that whon the dot on the eard was placed half-an-inch 
‘below or behind tho bead of sealing-wax, and whon the glasi- 
1 Ap lestatigh mtioulprreape 

of 7 inches in front (a common distance), then the 
tracing represented the movement of the bead magnified 16 


Whenever a great increase of the movomnent was not required, 
another, and in some respects better, method of observation was 
followed. ‘This consisted in fixing two minute triangles of thin 

tho. 


filament, the dots when joined, will give nearly tho sare figure 
at if filamont oven inches long, dipped in ink, hod boen 
fixed to the moving shoot, and had inscribed its own course 
‘on the plate. The movement is thus considernbly magnified; 
for instanco, if a shoot one inch in woro bending, and. 
the glass-plate stood at the distanco of seven inches the move- 
‘ment would be magnified eight times. It would, however, have 
‘boon very difficult to have ascertained in cach ease how groat 
‘@ length of the shoot was bending; and this is le 


“After dots had boon made on tho glass-platos by eithor of 
the above methods, they wore copied on trncing paper and 
Joined by ruled lines, with arrows showing the diretion of the 
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broken: 

others, 80 a8 to catch the eye, a8 may be sean in the diagrams, 

‘he figures on the glase-plates were often drawn on too largo 

‘a scale to be reproduced on tho pages of this volume, and the 

r in which they have been reduced is always givan* 
it could be spproximatoly told how much the move 

ment had been magnified, this is stated. We haye perhaps 


.* Wo amo much indebted to ho has reduced and eagraved our 
Cooperforthecarovwith which — dingrama, 
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8 

introduced a saperiluous number of diagrams; but they take 
‘lose space than » full deseription of the movementa Almost 
‘the 


& 
i 
1} 
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AB 
more, first in one direction and then in another, they wore 


Tn the following chapters, the moyements of a con- 
siderable number of plants are deseribed; and the 
have been arranged according to the system 
adopted by Hooker in Le Maout and Decaisne’s ‘De- 
seriptive Botany.” No one who is not investigating 
the present subject need read all the details, which, 
however, we have thought it advisable to give. To 
suye the reader trouble, the conclusions and most of 
the more important parts have been printed in larger 
typo than the other parts. He may, if ho thinks fit, 
roa the last chapter first, as it includes a summary 
of the whole volume; and he will thus see what 
points interest him, and on which he requires the 
full evidence, 
Finally, we must have tho pleasure of returning our 
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sincere thanks to Sir Joseph Hooker and to Mr. W. 
Thiselton Dyer for their great kindness, in not only 
sending us plants from Kew, but in procuring others 
from several sources when they were required for our 
observations ; also, for naming many species, and giving 
us information on various points. 
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CHAPTER I. 
‘Tue Crnoeasorarine Moveiesrs oF Seenuna PLawrs 


Heuasica oleracea, cireumautation of the mdiclo, of the arched hypo: 
‘coty] whilst otill buried beneath the ground, whilst rising above tho 
ground and stmightoning itsclf, and when. ereot—Circumnutation 
of the eotyledon»—Rute of movemeat—Analogous ebservations on 
‘various organs in species of Githago, Gonypium, Oxalis, Tro- 
poolum, Citrus, Aesculus, of seyerat Leguminous and Oucurbita- 
ccous gener, Opuntin, Helianthus, Primula, Cyclamen, Stapelin, 
Cerinthe, Nolana, Solanum, Beta, Ricinus, Quercus, Corylas, Pinus, 
‘Gyons, Canna, Allinm, Asparagus, Phaluris, Zea, Avena, Nephro- 
dium, and Selnginella, 


Tue following chapter is devoted to the cireum- 
nutating movements of the radicles, hypocotyls, and 
cotyledons of seedling plants; and, when the coty- 
ledons do not rise above the ground, to the movements 
of the epicotyl. But ina future chapter we shall haye 
to recur to the movements of cortain cotyledons which 
sleep at night. 


Brassica dleracen (Crucifere)—Fuller details will be given 
with respect to tho movements in this caso than in any other, 
as space and time will thus ultimately be saved. 
Radicle—A seed with tho radiclo projecting -0S inch was 
fastonod with shollac to a little plato of zinc, so that tho 
radicle stood up vertically; and « fino glass filament was then 
fixed near its base, that ix, clowe to the seed-coats. The peed 
‘was sarrounded by little bits of wet sponge, and the movo- 
iment of the bead at the end of the filament was traced (Fig. 1) 
during sixty hours. In this time tha radiclo increased in 
length from 05 toll inh, Had tho filament been attachod at 
first close to the apex of the radiclo, and if it could have re- 
‘there all the timo, the movement exhibited would have 


Cnar. DRASSIOS. i 


een much greater, for at the close of our observations the tip, 
instead ee vortically upwards, had become bowed 
through geotropism, #0 as almost to touch the zine 





ase. 
Seana wae inipenitie ot of Stems, exygulied, Sess 
Another seed was treated and observed in the same manner, 


but the mdicle in this cas protruded *] inch, and was not 
Fig. ; 


ee Mon 


\ 


“Dreivica ‘oleracea; cireurmutatis tog and geotropio movement of radicle, 
traced on horizontal glaee during 4 hours, 


od; bat ft continued to move during tho wholo’of he 


(probably preceded by turgesconce), sometimes on one and 

sometimes on another side, Occasionally the bead remained 

‘stationary for about an hour, and then probably growth occurred 
the . 


very short radicle from being turned vortically upwards, was at 
first vory littlo affocted by Filaments wore affixed 
in two othor instances to rather longer radicles 


protruding 
obliquely from sods which had bean turned upside down; and 
in these cases the lines traced on the horizontal glasses wero 
only slightly zigzag, and the movement was always in the same 
general direction, through tho action of geotropism. All these 
‘obsorvations are Linblo to several causes of error, but we believe, 
from what will hereafter be shown with respect to the move- 
ments of the radicles of other plants, that they may bo largely 


Bypocatyl—Tho hypocoty| proteades through the seed-coats 
aa a rectangular projection, which grows rapidly into an arch 
like the letter U turned upeide down 9; the cotyledons being 
‘still enclosed within the seed. In whatever position the seed 
may bo embedded in tho earth or otherwiso fixed, both logs of 
tho arch bend upwards through apogeotropiem, and thas riso 

the ground. Ax son as this has taken place, 
or even earlier, the inner or concave surface of the arch grows 
more quickly than the uppor or convex surfaco; and this tends 
separate the two logs and wids in drawing the cotyledons out 
‘the buried seed-coate, By the growth of the whole arch the 


Evon whilst tho arched or doubled hypocoty! ia atill teneath 
‘tho ground, it cireamantates as much ss the pressure of the sur- 
rounding soil will permit; but this was diffleult to observe, 
seinstayt pita stat teetcteclee pressure the two 


Ouar. I. BRASSICA. 13 


‘slightly arched hypocoty! had become nearly vertical, a glass 
filament was afixed on two oocasiona near to the base of the 
tamil leg (ie the ono in connection with the radicle), and its 
‘Movements were traced in darkness on a horizontal glass. The 
‘result was that long lines were formed running in nearly tho 
Plane of the vertical arch, duc to the early separation of the 
two logs now freed from presture; but as the lines were zigeng, 
‘showing lateral movement, the arch must have been cireum~ 
mutating, whilst it was straightening itealf by growth along its 
tamer or concave surface. 

A somewhat different method of observation was next followed > 


Fig. 8. 





Brassics olersoen: elreumnutatlng movement of buried and arched hypo 
Sez dimly emiaatd fom adore) traced on Driamtal gle desing 
45 “Movement of beal of agaified about 25 times, 
aand here reduced 10 oue-balf of origiual scale, 


a8 son as the carth with sods in a pot bogan to crack, the 

as removed in parts to the depth of 2 inch; and s 
filament was fixed to the basal leg of « buried and arched hypo 

above the sammit of the radicle, ‘The cotyledons 
‘wore stil! almost completely enclosed within the much-crackod 
geed-coate; and thaso wore again covered up with damp adhesive 
‘pail pressed protty firmly down, The movement of the filament 


qpocotyl still formed nearly # right angle with the lower part. 
‘Dhe tmcing shows that the arched hypocotyl tends at this carly 
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age to circumnutate irregularly. On the firet day tho greater 
movement (from right to left in the figure) was not in the plane 
of the vertical and arched hypocotyl, bat at rightangles to it, or in 
the plane of the two cotyledons, which were still in clove contact. 
‘Tho basal leg of the arch at the time whon the filament was 
affixed to it, was already bowed considerably backwards, or 
from the cotyledons; had the Slamont boon affixed before this 
bowing ccourred, the chief movement would have beon at right 
angles to that shown in the figure. A filament was attachad to 
another buried hypocoty! of the same ago, and it moved in a 
similar general manner, but the line traced waa not eo complox. 
‘This hypeecty! became almost straight, and the cotyledons were 
dragged from beneath the ground on theevening of the tecond day, 


Vig. & 





Brassica eleroces : clroumnnutating movement of buried and arched hypo 
‘eotyh, with the two lege of the arch tied together, traced om berizuntal 
plu daring S54 hours Movetnent of the brad of filament maguiiiat 
about 26 tlines, and hero reduced to one-half original reals. 


Bofore tho abore observations wero made, some arched hypo- 
cotyls buried at the depth of a quarter of an inch were un- 
covered; apd io onder to prevent the two logs of the arch 


tution. Firstly, a Glament was fixed to the basal leg of an 
arehed hyposoty! close abore the summit of tho radicle. ‘Tho 
cotyledons wore still partially enclosed within the seed-conta, 
‘Tho movement was traced (Fig. 4) from 9.20 sat. on Deo. 
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L 

2rd to 645 ao on Deo 25th, No doubt the natural move- 
‘mont was much disturbed by the two loga having boon tiod 

bot wo soo that it was distinctly zigzag, first in one 
direction and then in an almost opposite one. After 3 rat. on 
the 2ith the arched hypocoty! eometimos remained stationary 
fora considerable timo, and when moving, moved far slower than 
before, Therefora,on the morning (of the 2th, the glass fila- 


movement was now traced during 23 hours (Vig. 6), and wo 


Fig. 5. 





Brassios oleracea: circumautating morement of the crown of a buried and 
arched hypocotyl, with the two logs tied together, tracel on  hori~ 
aontal glace during 25 hours Movement of the beni of the lament 

fied about 58 times, and here reduced tw one-half original 


neo that the course was still zigzag, which indicates a tendency 
to circumnntation. ‘Tho bas of the basal tog by this time had 
almost complotely coased to move. 

As soon as the cotyledons have been naturally dragged from 
beneath the ground, and the hypocotyl haa straightened itsolf 
by growth along the innor or concave surface, there ia nothing to 
interfere with the free movements of the parts; and the circum- 
sntation now becomes much more regular and clearly displayed, 
a8 shown in the following cnsos:—A soodling wax placed in 
front snd soar o north-east window with o line joining the 
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‘two cotyledona parallel to the window. It was thus left tho 
whole day e as to accommodate itealf to tho light. On tho 
following morning = filament was fixed to the midrib of the 
lnrger and tallor cotylodon (which enfolds the other and smaller 
‘ono, whilat still within tho sood), and s mark being placed 
close behind, the movement of the whole plant, that is, of the 
hypocotyl and cotyledon, was traced greatly magnified on a ver~ 
tical glam. At first the plant bent eo much towards the light 
that it was useless to attempt to trace the movement; but at 
10 Ax. helfotropiam almost wholly ceased and the fiat dot was 


Fig. 6, 


Branca olroees; conjoint circomnulation of the hspocoty! and cotyledows 
‘og bas maa Mee he ee eet 
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placed that a Iino joining the two cotylodons pointed towards 
tho window; and tho flamont was attached to the smaller coty- 
Iedon on the side furthest from the window. Mornover, the 
plant wax now for tho first timo placed in this position. ‘The 

bowod thomaolves greatly towards the light from Sto 
10.50 aot, whon the first dot was made (Fig. 7). During the 


Rig. 7 








Ly 


/ 





7 
ser 
Bossxten oleroven : ennjoint eircumnutation of the hypocoty! und cotyledons, 
from 10.50 At to € 421. on the following morning. Tracing made 
8 & vertical 


next 12 hours the bead swept obliquely up and down 8 times 
and doseribed 4 figures ropresonting ellipeon; co that it travelled 
‘at nearly the same rate as in tho previous case, During the 
night it moved upwards, owing to tho sleep-movement of the 
cotyledons, und continued to move in the same diroction till 
9 ax. on the following morning; but this latter movement 
wonld not bave occurred with seedlings under their natural 
‘conditions fully oxposed to the light. 

By 9.25a.m. on this second day the same cotyledon had 

© 

J 
/ 
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begun to full, and a dot was made on a frosh glass. ‘Tho movo= 
mont was traced until 6.30r.1, a8 shown in (Fig. 8), which is 
given, because the course followed was much more irregular 


nes: occasions, During these 


. ‘ite course groatly 10 times, 
‘Tho upward movement of 
the cotyledon during the 
afternoon and early part 
of the night is here plainly 
shown, 

As the filaments wer 
fixed in the three last 
ensos to ane of the coty= 
ledons, and ax tho hypo- 
cotyl was left free, the. 
tracings show the move- 

Bramica ofervces: conjoint clroumnutation Mont of both organs con- 
of the hyposaty! and ootyledeus during joined; and we now 
§ hours. Figure here reduced to one Yyishod to ascertain whe- 


third of i 
Tarte glase Sn Al *°889% thee oth ctrouronutated, 


Filaments were therefore 
fixed horizontally to two hypocotyla close beneath the petioles 
of their cotyledons, ‘Thewo seedlings had stood for two dayy 
in the same position before a north-east window. In the morn- 
ing, up to about 11 sc, thoy moved in zigzng lines towarda 
tho light; and at night they again became almest upright 

After about 11 a, they moved a 
ttle back from the light, often crossing and recrossing their 
former puth in rigzag lines. ‘Tho sky or this day varied mach 
in brightness, und these observations merely proved that the 
hypocotyla were continually moving in a manner resembling 
elrournnutation, On a previous day which was uniformly 





‘# flament was fixed to the larger of the two cotyledons, wod its 
smovernimt was triced on a vortical glass Tt foll greatly from 
$52 Aat., when tho first dot was mado, till 10.55 a... ; it then rose 
greatly until 1217 7st. Afterwards it fell a Httle and mado a 

ut by 222 130 it bad risen a little and continued rising 
till 9:23 rat, when it made another loop, and at 10.90 vot. was 
again rising. ‘hese observations show that the cotyledons moro 














Fig. 9. 





Brassica olercen + circumautation of 
hypocotyl, in darkness, traced om a 
horizontal glam, by means of « ila 
ment with + fired across ite 
summit, between 9.15 Aa. and 
3.00 a.m. on the following morn» 
ing. Figure lere reduced to one 
Lalf of original seale, 


Amovement 
the bead was traced during 14h. 1m. (soo Fig. 10) in darknosx. 
At should bo noted that the chief movement of the cotyledons, 
namely, up and down, would be shown on horizontal glass 
plate only by the lines in the direction of the midrib (that 
o2 
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‘up dnd down, as Fig, 10 hero stands) being a little lengthened 

EST ee peer aarti irae 

exhibited, ‘Tho presont tracing shows 

Fig. 10, that the cotyledon did thus move laterally 

(that is, from side to side in the tracing) 

12 times in the 14h. 15 m. of observa 

tion, Therefore the cotyledons certainly 

cireumnutated, thongh the chief move- 

ment was up and down in a vertical 
plane, 

Rate of mooement—The movements of 
the hypocotyls and cotyledons of seedling 
cabbagen of different ages have now beon 
sufficiently iustrated, With respect to 
the rato, seedlings were placed under the 
microscope with the stage removed, and 
with a micrometer eye-plecn xa adjusted 
that cach division equalled phy inch; tho 
plants were illuminated by light passing 
through a solution of bichromate of potas- 

nes, from 815 4.8 ginm so as to eliminate heliotropiem. 

Heat ae Tak Mew Under these cirenmstances it was interest 

the filament magui- ing to observe how rapidly the cireum- 

fied 15 tines. nutating apex of a cotyledon passed across 
the divisions of the micrometer. Whilst 
travelling In any dirvetion the apex generally oscillated tack- 
wards and forwards to the oxtont of», and sometimes of nearly 
iy Ofan inch, These cacilations were quite different from the 
trembling caused by any disturbance in the sume room or by 
‘the shutting of a distant door. ‘The first seedling observed was 
nearly two inches in height and had been otiolnted by having 
heen grown in darkness. The tip of the cotyledon pasend nora 
10 divisions of the micrometer, that ix, .\, of an inch, in 6m, 
40% Short glass Mlaments wore then fleed vertically to the 
hypocotyls of mveral seedlings #0 ax to project a little above the 





remarkablo fnet was the oscillatory movement abowe doseribed, 
and the difference of rate at whick the point crossed tho divi- 


in darkmees ; it wos exposed before a north-cast window for only 
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‘two or three minntes whilst a glass filament was fixed vertically 


Lm. 308, ‘Tho ecodling was thon Jeft in darkness for an hour, 
and now it required 3m. 63. to cross one dirision, that is, 
15 m. 80% to have cromed five divisions. Another 

aftor being oceasianally obsarved in tho back part of a northorn 
room with a very dull light, and left in complete darkness for 


2 m, after which time, instead of moving still more quickly 
towards the light, a4 might have beon expected, it travelled 
only at tHe mte of 12m. 80% for five divixions. Tt wus then 
agnin loft in complete darkness for 1h,, and the point now 
travelled in the same diroction aa before, bub ab the rate of 
$m 18x for five divisions, 

‘We shall have to recur to the cotyledons of tho cabbage in a 
futuro chapter, when we treat of their sleep-movements, ‘The 
;, also, of the leaves of fullydleveloped plants 
‘will herentter bo described. 

Fig. 1 


oe 


B bined a 
= — 


eat ented a are ia young seedling was dimly 
illuminated from ubove, and the circummutation of the hypor 


| 
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coy! was observed during 28 h., as shown in Fig. 11. It moved 
fn all directions; the lines from right and to loft in the figure 
‘being parallel to tho blades of the cotyledons, ‘The actual 
distance travelled from side to side by the summit of the 

wns about 2 of an inch; but it was impossible to 
be accurate on this head, as the moro obliqnoly tho plant was 
‘viowed, after it had moved for some time, the more the distances 


‘were exaggerated. 


‘We ondeavoured to observe the cireumnutation of the coty- 
Jedons, but as they close together unless kept exposed to a mode~ 
mutely bright tig das ‘tho hypocotyl! ix extremely heliotropic, 


Fig. 12. 


4 


ot ni Sy, 


Sanson 10.30 
amt to 9.30 At. on 


jabout 
twice; svedling illo 
‘mrinated from above. 


necessary arrangements wero too 
troublesome. We shall recur to the noc 
turnal or sleep-movements of the cotyle 
dons in a future chapter. 

Gossypium (var. Nonkin cotton) (Mal~ 
‘vncem)—Tho eircumnutation of a hypo- 
cotyl was observed in the hot-house, but 
the movement was so much exaggerated 
‘that the bead twice passed fora time outof 
view. Itwas, however, manifest that two 

Irregular ellipses were nearly 
comploted in 9 h. Another scedling, 
Ihe. in height, was then obeorved during 
+ but the observations were not 
or at wufficiontly short intervals, us 
shown by the few dota in Fig. 12, and the 
tracing was not now sufliciently enlarged. 
Nevertheless there eould be no denbt 





atont the cirwumnutation of tho hypocotyl, which desavibed 
in 12h. a figure representing three [xregular ellipses of unequal 


‘Tho cotyledons are in constant movement upand down during 
the whole day, and as they offer the unusual case of moving 
downwards late in the evening and in tho early part of the 
‘night, many observations wore made on them, A filament was 
fixed along the middle of one, and its movement traced on a 
‘Vertical glass; but the tracing i4 not given, ne the hypocoty] 
‘Was not sectired, # that it was impoenible to distinguish eloarly 
between it movement and that of the cotyledon. ‘Tho coty- 
fedoms ruse from 10.30 a. to about 8 p2t,; they then sank till 
10 Pac, rising, however, greatly in tho latter part of tho night, 
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‘The angles above the horizon at which the cotyledonsof another 
nee eae Binet it a soopeted. to. te Kling 





Ot 20 250 Pa, e+ 998 above horizon. 
$205 2 
B20 wef 

Oot." 840 Ase. oe 
Seis s ae 
fo PAbean cS LL 10° netow horizon, 


‘The position of the two cotyledons was roughly sketched at 
‘Yarious hours with tho same general result, 

Tn the following suamer, the hypocotyl of a fourth seedling 
wns secured to a little stick, and a glass filament with triangles 


‘Past midnight it was found a little lower and somewhat to one 
side, By the carly morning, at 3.45 a.m. it had rison groatly, 
but by 6.20 am. had fallen o little. During the whole of this 
day (2lst) it fell in a slightly zigeng line, but its normal course 
waa disturbed by tho want of audiciont illumination, for during 
‘the night it rose only o littl, and travelled irregularly during 
the whole of the following day und night of June ‘nd. The 
<a > 


tion, This seedling was then taknn back to the hot-house, and 
after five daya was inspoctod at 10 pat, when the cotyledons 
were found hanging #0 nearly vertically down, that they might 
OE pckprce On the following morning 
‘hoy had rommmed their usual horizontal position, 

Ozalis rove (Oxalidew)—The hypocotyl was secured toa little 
stick, and an extremely thin glass filament, with two triangles of 
‘paper, was nttached to ono of the cotyledons, which was “15 inch 
in Iength. In this and the following species the ond of the 

where united to the blade, is developed into a putvinns, 
apex of the cotyledon stood only 5 inches from the vertical 
‘glass, 20 that its movement was not greatly exaggerated as long 


‘oth rose 
tion, and then of course the movement was much 
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In Fig: 18 its conree is shown from 6.65 st. on June 17th, to 
740 aat. on tho following morn- 

ph dal ing; and we see that during the 

a daytime, in the eourse of 11 he 

15 m,, it tmyelled thrice down 
and twice up. After 545 ra. it 
moved rapidly downwards, and 
in an hour or twodepended verti- 
cally; it thus remained all night 
asleep, This position could not 
be roprosented on the vertical 
glass nor in the fgure here given. 
By 640 ast, on tho following 
morning (18th) both cotyledons 
hind risen greatly, and they con- 
tinned to rise mntil 8 4.x, when 
thoy stood almost horizontally. 
‘Their smovement was traced dur- 
ing the whole of this day and 
‘until the next morning; but a 
tracing ix not given, ax it wax 


7 times, oither upwards or down- 
wards; and at about 4 rae the 
great nocturnal sinking move- 
mont commenced. 

‘Another seodling was obscrved 
i a aitnilar manner during nearly 


‘Wh,, but with the difference that 
the hypocotyl was loft fres. ‘The 





movement also was low magnified, 

Botwoen S12 Ax, and 5 Pt. on 

the 18th, tho apex of the cotyle- 

don moved 7 times upwards or 

Claatig rosea; sdecumastation of Cownwards (Fig. 14) Tho noc 
‘enty lnboos, the by being turnal einking movement, which 
secired tos stlet; Wllumioa> jy merely great incrense of one 
Gretenbaltsroneatsaae, of the diurnal oscillations, com- 

Pond sel. enced about 4 7.4. 


Fig. 14, 


ca ofan 





Oxatix Valdiviena :  conjoies 
cireumautation of a cotylee 
don and the hyyooety], traoet 





AM. 19th. Tho ape of the cotyledon 0 Vertical glass, during 24 
ed nly Of ches vn te retical eae Bene ans ee 
gles. Figure here yiven one-half H 
soedling illuminated from 

‘original elo, ie 
first day the seedling was placed too far feom tho vortical 


‘the: 

glass; #0 that the tracing was enormously exaggerated and the 
‘morement could not be traced when the cotyledon either rose or 
wank much; but it was clearly seon that the cotyledons rose 
thrice and fell twice between 8.16 ax. and 4.16 ro. Early om 
the following morning (June 19th) the apex of @ cotyledon was 
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placed only 1g inch from the vertical glask At 640 a.m. it 
stood horizontally; it then fell till 835, and then rose, Al- 
together in the course of 12h. it rose thrice and fell thrice, as 
may be seen in Fig. 15. ‘The great nocturnal rise of the coty- 


did not commence till 7 p.t,; but this was due to the hypocotyl 
having from some unknown cause temporarily bent to the left 
side, ax ix shown in the tracing. To nsceriain positively that 
the hypocoty! cireumnutatod, a mark was placed at 815 p.xt, 
behind tho two now closed and vertical cotyledons; and the 
movement of # glass filament fixed upright to the top of the 
hypocotyl was tmeed until 1040 nat. During this time it 
moved from side to side, as well as backwards and forwards, 
plainly showing circumpotation; but the movement was smal) 
in extont Therefore Fig. 15 roprosents fairly well tho move- 
Fee area ncn niceercn se ee Soe ne Alea 


great afternoon curvature to the loft, 
Goals sovmcatate (yx. enpres).—‘Tho ectyledans rte at night 
to a yariablo decree above the horizon, generally about 48° : 


thoso on somo ssodlings betwoen 2 and 5 days old wore found 
to be in continued movement al! day long; but tho movements 
‘were more simple than in the last two specios. This may have 
partly resulted fram their not being sufficiently illuminated 
‘whilat boing observed, as wan shown by their not beginning to 


during the day, The angles at which they stood above or 
beneatl the horizon were measured at short intervals of time; 
and we regret that their course was not traced during the whole 
day. We will give only u few of the measurements, which were 
made whilst the seedlings were exposed to a tamperature of 224° 
to24°C. Ono cotyledon rose 70° in 11 m.; another, ona distinet 
seedling, fell 80° in 12m. Immediately before this latter fall 
Tonos pail parrmpeare arc paype ae peter eepenede 

‘vertically upward position in 1h. 48m.,ond had therefore passed 
through 180° in under 2h. We have met with no other instance 
of circumnutating movement of such great amplitude as 180° ; 
nor of such rapidity of movement a the pusage through 80° in 
12m. The cotyledons of this plant sloop at night by rising 
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‘vertically and coming into close contact. This upward movo- 
ment differs from one of the great diurnal oscillations above 
deseribod only by the position boing permanent during the night 
and by its periodicity, as it always ecmmenees Inte in the 


epi 
or plumulo was found, with ite 7 Fig. 16. 


like i 
‘of the cabbage proviously 4 | 


last dot given in the figure, tho 
‘Dead moved to a great distance, 
‘and finally off the glass, in tho 


Increased growth along the con- 


rains (= 
RS itn orl tf red 
, uppor part, that in ¢picoty!, ersced on » horixon= 
Jradirvelion opyeite oihedepeu. ‘tly fom 9.20 aa ta 


819 ran, Moveuieat of bead 
dont tip, in the same manner as Oj figinent  roaguified 27 
times, 


Tt moved, however, in the evening in tho samo direction as 
‘defore, but the Line followed was not so straight, Doring the 
morning the tied arch movod in an irregulurly circular, strongly 
migzag course, and to a greater distance than in the previous 
‘cas, as was shown in @ tracing, maguifiod 18 times. ‘The move- 
ments of a young plant bearing a fow loaves and of a mature 
Plant, will hereafter be deseribed. 
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Oltrus aurantium (Orange) (Aurantiacem)—The cotyledons 
‘are hypogean, ‘The circumnutation of an epicotyl, which at the 
close of our obeorvations was ‘59 of an inch (15 mm.) in height 
above the ground, is shown in tho annexed figure (Fig. 17), as 
olwerved during a poriod of 44h, 40m. 


Fig. 17 





hay 


Clirws awrwitivn : cirewmoutation of epicoty! with» Glament fye trans 
‘near its apex, traced oo a horizontal gloss, from 12,13 Fat on 

Feb. GOth to 8.55 Ax. on 2nd. ‘The movement of the bead of the 
filament was nt first magnified 21 times, oF LO), in figure here given, 
ais afterwards 36 times, or 18 as here given; seedling tlaminated 





Esoultis Mppocastanum (Hippocastanem).—Gorminating seeds 
wero placed in tin box, kept moist internally, with a sloping 
damp argillaceous: 


are as exact as possible, considering the nature of the marging: 
Ge 18). They suftice to show that thore was tome lateral, 

almost serpentine movement, and that the tipw in their down- 
ward course pressed with unequal force on tho plates, ag 


tmeks mado by the radiclos of Phaseolus multiflorus and Vicia 
fata (presently to bo desoribed), rondor 
it almost certain that the radicles of Fig: 18. 
‘the present plant cireumnutated. 
Phaseolus multi} 


they aleo pressed alternately with —ehorinen ond tho radi 
greater ox. leen, force onthe, plates, “as tnchindlancrssar bee, 
rising upand leaving them Ia B the plate was inclined 
for @ vory short distance;  S3° with the horizon, ond 
Wut this was better wen on the lage 
than 


i 
: 
I 
if 
i 


‘tlons—that is, they circummutated. 
extreme right and left positions 
of the radicle A, in its latoral 


a anaes a B c 
protrucded ite radicle to «length ppassotus multisloru: tre 

‘of *2of an inch, it was turned on inolined smoked echo 
‘upside down, so that the radicle, by tips of radioles 1a growing 
which was kept in damp air, — downwanl | and C- plates 
wow stood upright, A filament, 3° with the hori 8 
nearly an inch in length, wax 

affixod obliquely noar ite tip; and the movement of the 
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abruptly, thon made a amall loop and then a larger xigang 
eurvon, During the night and till 114., on the following 


Fig. 20, 


Victs faba; eircummutation of a radicle, at fret _potn! vertically ape 
wars, kept io darknem, traced on « horizontal glass, during 14 hours, 
Mosement of head of filament magnified 23 tines, here roluced to 
‘oas-half of original seale. 


morning, the beal moved to a great distance in a nearly straight 

ino, in tho direction indicated by the broken line in the figure. 
This resulted from the tip bending quickly downwards, as it 
had now become much declined, and had thns pained @ pasition 
highly favournble for the action of geotropiam, 


Fig. 21. 


a BR o dD. R 


Vina fala: treks Saft cn inelion! smoked glassplaten, by tips of radicles 
(to growing downwants Piste C was inelinod at 63°, plates A aod D 
at 71% plate Db ak 73% and plate X at a few degrom beneath the 
Inueiana. 
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Samo of the plates wero inclined only a few dogroos benoath 
tho horizon, but moat of thom botwoon 60° and 75°, In tho 
latter cases the radicles in growing downwards were deflected 
only little from the direction which they had followed whilat 
gorminating in sawdust, and thoy pressed lightly on the glass- 
plates (Fig, 21). Five of the most distinct tracks are here 
copied, and thay are all alightly sinuous, showing cirenmnutas 
tion. Moreovor, a close oxamination of almost every one of the 


positions of the mdicle A was 0-7 mm., ascertained in the kame 
‘manner as in tho case of Phaseolus, 

Eyicotyl—At the point where the radicle had protruded from 
bean nid on its side, a flattoned solid lump projected ‘1 of an 
inch, in the same horizontal plano withthe bean, This protuber- 
ance consisted of the convex summit of the arched epicatyl; 
and ng it became developed the two legs of the arch curved 
‘themsclves laterally upwards, owing to apogeotropiam, at such 
a rate that the arch stood highly inclined after IM h., and 
vertically in 48h, A filament was fixed to the crown of 
the protuberance before any arch was visible, but the basal 
half grew so quickly that on the second morning the end of the 
Slamont was bowed greatly downwards, It was therefore re 
moved and fixed lower down, The line traced daring theso two 
days extended in the same general direction, and was in paris 
nearly straight, and in othors plainly zigzag, thus giving some 
evidence of circumnntation, 

As the arched epivoty],in whatever position it may be placed, 
Bonds quickly upwards through apogeotropiam, and as the two 
legs tend at a very carly age to separate from one another, as 
soon as they are relieved from the pressure of the surrounding 
aah it wakditfioult to wsoortain positively whothor tho opieotyl, 

whilst remaining orched, circuranutated. ‘Therefore some rather 
deeply buried beans were uncovered, and the two legs of the 
‘arches wore tied together, as had been done with the epicotyl 
‘of Tropmolum and the hypocotyl of the Cabbage. Tho move- 
ments of the tied wrches were traced in the usual manner on 


| 
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two oecasions during threo days, But the tracings made under 
sach unnatural conditions are not worth giving; and it need 


jonally 
clude that the epicoty) circummutates whilst still arched and 
‘Pefore it has grown tall enough to break through the surfioe 
of the ground. 

Tn onder to observe the movements of the epicoty] at a some- 
‘what more advanced agp, a filament was fixed near the tase of 
‘one Which was no longer arched, for ita upper half now formed 
a right angle with the lower half, ‘This bean had germinated 
‘on bare damp sand, and the epicotyl began to straighten itself 
such sooner than would havo occurred if it had been 
planted. The course puraned during 50h. (from 9 A. Dor 
26th, to 11 ast, 2th) is here shown (Fig. 22); and we see 


Fig, 22, 


Trais fahos cireumontation of young epieoty, trad in dasknes during 
30 tal fovement of bead of flamewt mage 
nified 20 times, here reduced to one-half of original scale. 
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Pe oe ©. We hero again havo plain evidence of 
continued circumnutation, Had tho bean been properly planted, 
tho: part of the epicoty! to which the filament was attached, the 


~ Fig. 23. 


Fisia faba circumnputation of the sumo plenty! as in Fig. 22, little more 


{vated in age, traced under similar conilitions us before, frown 8.40 a. 
re aoe to 10.60 a.at, 80th, Movement of bend bere magnified 


movement of which is here shown, would probably have just 
rizen above the surface of the ground. 

Lathyrus nissolia (Leguminose).—This plant was selected for 
oteervation from being an abnormal form with grumelike leaves. 


Fig. 2. 





Lathyrue minis: secarntaton of stem of young selling, trond 

on # horianntal glass, from 045 at. Nov. 2nd, to 7 ast. 
B8nk. Movement of ent of leaf mingalfied about 13 timaly here re- 
‘duced to one-half of original seale, 


‘The cotyledons are hypogean, and the epicoty! breaks through 

eerste auline we ‘Tho movements of a atom, 12 

in height, consisting of three internodes, the lower one 

almost wholly subterranean, and the upper one bearing a short, 
D 
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narrow lesf, ix shown during 2h., in Fig. 2 No glass lament 
was employed, but a mark was placed beneath tho mpex of the 
leaf. The actual length of the longer of the two ellipses de- 
soribed hy the stem tas about “14 of an inch. On the previous 
day the chiof lino of movement was nearly at right angles to 
that shown in the present figure, and St was more simple. 

Cassia torn* (Legmmincss).—A seedling was placed before a 





Se 
ne 
Camis tore! conjoint circumnatation of cotyledos and Aaryctsh traced 
fn vertionl glass, from 7.80 4:%. Sep. 25th to 7.90454, 26tb.. Figure 
Fd erp bap SEK 


* Seeds of this plont, which flouriah or flower well with ua; 

meat tho bas, wary sent they were wat to Kew, and wore 

tm by Fritz Maller from 8, proosunced not tobe distinguish 
‘Tee seedlings did not — nble from C. tore. 
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Horth-east window ; it bont vory little towards it, as the bypor 
cotyl which was left free was rather old, and therefore not highly 
heliotropic. A filament had) been fixed to the midrib of one of 
the cotyledons, and tho movement of tho wholo seodling wax 
traced during twodays ‘Lhe circummutation of the hypocoty! 
ia quite inignificant compared with that of the cotyledons. 
‘Thooo rive wp vertically at night and come into clove contact; #0 
‘that they may be said to sloep, ‘This svedling was so old that a 
‘ery small trne leaf had been developed, which at night way 
completely hidden by the closed cotyledons, On Sept, 2th, 
tetwon 8 am, and 5 rat, the cotyledons moved five times up 
and five times down; they therofore described five irrogular 
‘ellipses in the course of the 9h. The great nocturnal rise com- 
monced about 4.30 1.91, 

On tho following morning (Sept. 25th) the movement of 
the samo cotyledon was again tracod in the eamo manner 
during 24 b.; and a copy of the tracing is here given (Fig. 25), 
‘The morning was cold, and the window had boon accidentally 
loft open for a short time, which mast have chilled the plant; 
nd this probably prevented it from moving quite ws freely a 
on the provious day; for it rose only four and sank only four 
‘times daring tho dey, one of tho oscillations being very small. 
At7.10 am, when the first dot was made, the cotyledons were 
notfally open or awako; they continued to open till nbout 9 A.M, 


ou the following morning (Sept. 26th) they occupied nearly 
‘the mune level os on the previous morning, as shown in the 
diagram: thoy then began to open or sink in the usual manner. 
‘The diagram leads to the belief that the great periodical dally 


of tho trno leaves. With scodlings, Sinchos in height, and bour- 

ing five or six leaves, thoy roso at night about 45°, ‘They con 

tinued to act thus for ubout un additional fortnight. Subse 

quently they emained horizontal at night, though still green, 
nd 


——- 
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and at last dropped off. ‘Their rising at night so az to stand 
almost vertically appears to depend largely on temperature; 
for when the seedlings were kept in a cool house, though they 
‘still continued to grow, the cotyledons did not become vertical 
at night, It is remarkable that the cotyledons do not gonorally 
rise at night to any conspicuous extent during the first four or 
five days after gormination; but the peried wns extromoly 
variable with seedlings kopt under the samo conditions; and 
many were observed. Glass filaments with minute triangles of 

paper wore fized to the cotyledons (1) mm. in brendth) of two 
beatae eats S60. cudsraestAbe spt wna anced tote 
stick; their movements greatly magnified were traced, and they 
certainly circumnutated the whole time on a small seale, but 
they did not exhibit any distinct nocturnal and diurnal move= 
ment. The hypocotyl, when left free, cireamnutated over & 


large pace. 

Another and much older seeilling, bearing a half-developed 
Jenf, bad its movements traced in a similar mannor during the 
three first days and nights of Juno; but eeodlings ot thie ago 
appear to be very sensitive to n deficiency of light; they wero 
observed under a mther dim skylight, at a tempernture of 
botween 16” to. 174° ©, ; and apparently, in consequence of thess * 
conditions, the great daily movement of the cotyledons ceased 
on the third day. During the first two days they began rising 
in tho early afternoon in a nearly straight lino, until botwoon 
6 and 7 rat, when they stood vertically. During tho latter 
part of the night, or more probably in the early morning, they 
began to fall or open, # that by GAS Ax, thoy stood fully 
expanded and horizontal. ‘They continued to fall slowly for 


some time, and a during the second day described a single 
ort saitan desea 9 aw. and 2 p.m, in addition to the 
great diurnal eee ‘The couree parsued during the 
whole 24h. was far less complex than in the foregoing case of 


Cassia, Ou the third morning thoy fell very much, and thon 
ciroumnutated om a inal! scale round the same spot; by 8.20 
PM. they showed no tendency to rivo nt night. Nor did the 

fa soy other oelogs fn tho me po 
Fine; and po it was on tho following night of Juno Sth, The 
Reta Ieee taktet thi Scte tan holetcumeseoecn ix'eas ecouel 
to the aun, and on the succeeding night all the cotyledons rose 
szain to « high angle, but did not stand quite vertically. On 
¢ach of the above days the line representing the great nocturnal 
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vise did not coincide with that of the great diurnal fall, no that 

‘narrow ollipses wore described, as is tho usual rule with eiroun- 

nutating organs, re teenage Sade lage 
y described. 
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‘41h. on Novomber 13th, ‘Cho pot had stood for some time in 
the same position, and they were chiefly illuminated through 
the glaseroof. ‘The cotyledons of one of these seedlings moved 
downward in the morning till 11.30 4.2., and then roo, moving 
rapidly in the evening until they stood vertically, ao that in this 
easy there was simply a single great daily fall and rise, The 
other evedling behaved rathor differently, for it full in the morn- 
ing until 11.30 4.01, and then roso, but after 12.10 r.a, again fell ; 
and the great evening rise did not begin until 1.22 pt, On the 
following morning this cotyledon had fallen groatly from its 
‘vertical position by 8.15 at, Two other seedlings (one seven 
amd tho othor eight days old) had boon proviously observed 
‘under unfavourable ciroumstances, for thoy had been brought 
into a room and placed before » north-east window, where the 
temperatum: was betwecn only 56° and ST° FL They had, more. 
‘over, to ke protected from lateral light, and perhaps were not 
sufficiently Hiuminated, Under these circurnstances the coty- 
Tedons moved simply downwards from 7 A.o, till 2 mt, afver 
which hour and during a lange part of the night they con 
tinued to rise, Between 7 and 8 4.x. on the following morning 
thoy fell again; but on this second and likewise on tho third 
day the movements becamo irregular, and between 3 and 10,80 
rat. they circumnutated to a stall extent about the sume spot; 
but they did not rise at night. Nevertheless, on the following 
night they rose as usual. 

Cytisus frograns (Leguminose)—Only a few observations were 
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mowe both up and down and fatertly; but they do not rise up 
at night in a conspicuous manner. 

Ueeleus CLogmuminose)—Seedtings of this plant were 
observed because the cotyledons are 80 thick (about 08 of an 
inch) that it roomed unlikely that they would move, Our 
observations were not very successful, as the scedlings are 
strongly weliotropic, and their eircummnutation could not be 
accurately obgerved near a north-east window, although they 
had been kept during the previous day in the enmo position. 
‘A seodling was then placed in darkness with the hypocotyl 
peonred toa stick; both cotyledons roso a little at first, and 
then fell during the rest of the day; in the evening between 
G and 6. they moved very slowly; during the night one 
continued to fall and the other roso, thongh only a little. The 
dancing was not much magnified, and as tho lines were plainly 
zigzag, the cotyledons must have moved a little Interally, that 
is, thoy must havo cireumnutated. 

‘The hypocotyl is rather thick, about “12 of inch; nevertheless 
it cireumnutated in a complex course, though to a small extent, 
The movement of an old scedling with two true loaves partially 
developed, was observed in the dark As the movernont was 
smagnified abont 100 times it ig not trustworthy and is not 
given; but there could he no doubt that the hypoooty] moved 
in all directions during the day, changing its course 19 timox. 
‘The extrame actnal distance from side to side through which 
tho upper part of the hypocoty] passed in tho course of 144 hours 
was only gy of an inch; it sometimes travelled at the rate of 
vy of an inch in an hour. 

Cucurbite onifera (Cacurbitaces),— Redick : a secd which had 


Fig. 26. 
——- a, 
Coowtits ov — in bending: iy 
tray ined cae bras se = yer ween ag eg we re 
re ve wight lteated . ken line. 
Morn of sale eng iS 


germinated on damp und was fixed so that tho slightly curred 
Fadicle, which was only U7 inch im kength, stood almost vertically 


i 


30 


In which position geotropism would act at first with 
‘A filament was attached near to ite base, and 
about an angle of 45° above the horizon, ‘The 
followed during the 11 hours of observation and 
night, is shown in the accompanying 
(Bg. 26), and was plainly dao to gootropinn ; but it 
‘thet the mdicle ciroumnutated. By the next 
tip had curved eo much downwards that the fila~ 
-inatend of projecting at 45° above the horizon, was nearly 
horizontal, Another germinating seed was turned upside down 
and covered with damp sand; and # filament was fustoned to 
the radiclo eo a2 to project at an angle of about G0? above the 
dey ‘this mdicle was -35 of an inch in length and a little 
curved. 'The courso pursned wax mainly governed, as in the 
last caro, by geotropiam, tt tho lino traced during 19 hour and 
maguified a8 before was morv strongly zigzag, again showing 
‘elremmnntation, 
Four micles wore allowed to grow downwards over plates 
of smoked glass, inclined wt 70° to the horizon, under the 
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Cwurbita ovitera : citcurmnutae 
‘len of arched ypooots] st 
ame erecta 
latkness on a horizontal 
eee ps from, B A.at, to 10.20 at. on 


the following day. Themovex 
Tine foci Rrcivad af WP the Lead, magnisel 





0 
init of original wale 


in the ensos of Aisculnx, Phasoolns, and 
Facsizailes aro hore given (Fig. 27) of two of theese 
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Pressed alternately with greater and less force on thom. ‘There 

anunt, therefore, have been movement in at loast two planes ut 

right angles tocne another. ‘Thoso madicles wor s0 dolicato that 

thoy rarely had the power to sweop tho glasnes quite cloan, Ono 
had developed 


‘Hyperotyl —A.sood lying on damp sand was firmly fixed by 
two crossed wires and by its own growing radiclo, ‘The cotyle~ 
dlons wore still enclosed within the seed-coats; and the short 


Fig. 20, ‘tho mdicle and the cotyledons, 


‘on of straig — 
call by ith diament in Fig, 28 Tho chiof linos of 
Seca teem ‘eres movement fromJeM w right inthe 
Lao! e. figure were parallel to tho plano 
pet hartantel FS of the two united cotyledons and 
pga ey ‘of the fattened seed; and this 

i magaifiel soyomen: 

ity 2 hfe a fn ame ed 
‘are hold down by a special struc 
ture hereafter to be deseribed. The movement at right angles 
to the above lines was due to the arched hypocoty! becoming 
more arched ws it increased in height. The foregoing oleerva~ 
‘tions appily to the leg of the arch noxt to the cotyledons, bat 


Himes, 


Yepresents four and » half ellipses or ovals, “with, 
‘the longer xin of the first nt noarly right anglos to that of tho 
‘others. The longor axes "asap tne Saas ice meee 


dons were traced ona vortical glass, and as the aeconding and 
nie did not quite coincide, very narrow ellipses 
formed ; therefore cireumnutated. Whilst young 
Contcmusep a night, but their tipa always romain 
5 onthe following morning they sinkdown again, With 
kept in complete darkness they moved in the same 
they sonk from 845 a.t. to 4.90 r.0.; they then 
and remained close together until 10 r.a., when 
last observed. At 7 42 on tho following morning 
a8 much expanded as at any hour on the provions 
‘The cotyledons of another young seedling, exposed to the 


‘were found completely closed at 7.4.21.0n the following morning. 
‘Thoy soon began to expand again, and continued doing so till 
atont 4 ym.; they then began to rise, and by 10.80 v.at. stood 
‘vortically and wore almost eloaod, At7aa. on the third morn- 
fag they were nearly vertical, and again expanded during tho 
day; on the fourth morning they were not closod, yet they 
‘opened a little in tho course of the day and roro a little on the 
eee By this time a minute tras leaf had become 


i Hi 


FEE 
ii 


(85 om, in length), which recorded its own movements on 
& revolving drut with «moked paper. ‘The observations were 
made in the hot-house, where the plant had lived, 8 that there 
‘was no chango in temperature or light. The record commenced 
at 11 aot. on February 18th; und from this hour till 3 rot. the 


— 
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cotyledon foll; it thon rose rapidly till @ rw. thon very 
gradually till 3 4.06 Febraary 19th, after which hour it sak 
gradually tii 4.80 eat.; bat the downward movement was inter- 
rupted by ope slight rise or oveillation about 190 nM. After 
4.80 rat. (19th) the cotyledon rose till 1 a... (in the night of 
February 20th) and then sank vory gradually till 9.80 aa, 
‘whan our observations coased, ‘Tho amount of movement was 
greater on the 18th than on the 19th or on the morning of 
the 20th. 


‘Cucurbita aurantio—An exebod hypoooty! was found buriod a 
little Reneath the surface of the oil; and in oiler to provent it 
‘straightening iteelf quickly, when relieved from the eurrounding 
‘prosmre of tho sail, the two legs of the arch ware tied together. 
‘Tho. seed was then lightly covered with loose damp earth. A 
filament with » bead nt the nd was affixed to the basal leg, the 
movements of which wero observed during two days in. the 
‘usual manner. On the first day the arch snoved in a zigzag line 


faco of the soil, the tied arch changed its course grestly nine 
times in the cours of Mp h. Tt swept n large, extremely irre 
gular, circular figure, mturning at night to nearly the mmo 
spot whence it had started early in the morning. ‘The tino was 
so strongly zigzag that it apparently represented five ellipess, with 
opr ashi saa ag ar ‘With rospect 
‘to the movements of the cotyledons, those of several 
‘Young sendtings formed togethor at 4 p.xt. an angle of about 60°, 
and st 10 pat. thoir lower parts stood vertically and were in 
contact; their tips, however, as is usual in the genus, were per~ 
ananently reflexed. ‘Those entyledons, at T at. on the following 


ere eee near ey 


254°, wt tr tho 20th, they included an 
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Other soullings were observed, and tehaved during three 
‘in 9 closely eimilar manner, ‘Tho cotyledons, therefore, 


§? 
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‘open more and more on coach succooding day, and rise each 
night about 30°; consequently during the first two nights of 


their life thoy stand vertically and 
‘cams into contact, 

Ta order to ascertain more ac- 
eurately tho nature of these movo- 
awenta, tho hypocotyl of 0 seedling, 
with its cotyledons well expanded, 
was secured to n little stick, and 4 
filament with triangles of paper 
swasiaflixed to ono of the cotyledons, 
‘The observations were made under 
@ rather dim skylight, and the 
temperature during the whole time 
‘was betweon 17)? to 18°C, (68° to 
65° P.). Had the temperature been 
higher and the light brighter, the 
movements would probably have 
been greater. On July 1th (see 
Fig. 80), the cotylodon fell from 
TAO Aa. till 10 dot; it then rowo 

(rapidly after 4 vo.) till it stood 

oo aoe Rd0 ea. During 
morning of the next day 

za) it fell, and continued to fall 
481 $ a.m, after which hour it ros, 
thon fell, and again rose, #0 that by 
10.95 rat. it stood much higher than 
it did im tho morning, but was not. 
ovortical as on the preceding night, 
During the following early morn- 
ing und whole day (13th) it fell and 
oircumnutated, but bad not risen 
sehen oteerved late in the evening; 
tuo shis was probably due to the 
deficiency of heat or light, or of 
‘both. We thus see that the coty- 
Jedans beqamo more widely open nt 
spoon on énoh succoeding day; and 


Fig. 90, 
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Laycnaria eulgaris: eirournaus 
tation of a cotyledom, 1 
nel in length, apex onl 
Inches trom tho vortea gaan 

on which ite movements were 
traced from 1.35 at. July 

Lith to 9.5 am, onthe 14th, 

Figure hore given reduced 

tw one-third of original soalo. 


that they rose considersbly cach night, though not acquiring 
‘@ Vertical position, except during the tinst two nights. 
Coeunvie dadiim (Cucurbitacem).—Two coodlings haa open 
t 
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their cotyledons for the first time during the day,—ono to the 

‘extent of 90° und the other mther more; they remained in 

nearly the samo position until 10.40 pw; but by 7 4st. on the 

following morning the one which had been previously open to 

the extent of 90° had its cotyledons vertical and completely 

shut; the other soodling hud thom noarly shut, Later in tho 

morning they opened in the ordinary manner, It appears 

therefore that the cotyledous of this plant close and open wt 

somewhat different periods from those of the foregoing species 
‘of the allied genera of Cucurbita and Lagenaria, 

Opuntia basiloris (Cactem)—A needling wns carefully ob- 

terved, bocause considoring ite 

Fig. OL. appearance and the nature of the 

y mature plant, it seemed very une 

likely that either the hypocotyl or 

Y\ cotyledons would circumnutate to 

an appreciable extent. The coty= 

Jedons were well developed, being 

“9 of an inch in Jongth, “22 in 

breadth, and °25 in thickness. 

s ‘Tho almost cylindrical hypocotyl, 

“ now bearing a minute spinous bud 

iF on ite summit, was only “45 of an 

inch in height, and “19 in. dine 

Opuntia tasidarie conjoint cir- meter. ‘Tho tracing (Fig. 31) shows 

the combined movement of the 

i 1 and of ono of the coty> 

Fae ana tadially 9 ey Jecons, from 4.46 nat. on May 26th 

dig 6 hart to LL Aas. onthe Sixt. On the 29th 

lass Movement of the ter a noarly perfect ollipe waa com- 

Satta heetenited shout pleted. On the 30th the hypocotyl 

thindocale. s aeling bn moved, from somo unknown cans, 

feebis illuminated in tho ramo gonoral direction in a 

zigzag line; but between 430 and 

10 rat, almost completed a second 

‘mail ellipse, ‘Tho cotyledons move only a little up and down : 

thus at 10.15 vot, they stood only 10° higher thanat noon, The 

chief seat of movement therofore, at least when tho cotyledons 

ae Ba aes in sot hyena ‘The 


llipes described on the 29th had its longer axis directod at 
nearly right angles to n line joining the two cotyledons, ‘The 
fefanl mount Gf sioyonuent of the bead ah the end of the 
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flament was, us far as could be ascertained, about *14 of an 









Helianthus annuus (Composite).—The uppor part of tho 
Fig. 92, 
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Helticnthux ornnnus: diroamnntation of 
hypocotyl, with filament fixed actose 
‘He summit, traced ov a horizontal 

Iaae in darkness, AM to 
‘Fat, and for an hour on follow- 
bos 


HH 





magniti 
‘one-half of original wale, 
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noon, 
riso; but botwoon 6 and 7 or $ pst 
sank a little, or moved laterally, and then aguir 
to rine, AM. on the following morning those or 
the north-cast window had opened #0 little 
‘stood at on angle of 73° above the horizon, and wers 
any longer. Those on the seedling which had 
kept in almost complete darkness, sank during the whole 
‘without rising about mid-day, but rose during the night. 
tho third and fourth days they continued sinking without 
alternate asconding movement; and this, no doubt, was 

to the absence of 

Primule Sinensix (Primulacess).—A seedling was placed with 
yyledons [parallel to n north-cast window on a day 
light was nearly uniform, and a filament was affixed 
‘one of them. From otservations subsequently made on 
another ecedling with the stem recured to a stick, the groator 
part of the movement shown in the annexed figure (Fig. 33), 
smiust have been that of the hypocotyl, though the cotyledons 
move upand down toa certain extent both during the 
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day and night, ‘Thomovements of the same seedling were 
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on the following day with nearly the ame reswit; and there 
can be no doubt about the ciroummutation of the hypoootyl. 





Priviola Sinensiy) conjoint circamnutation of byporcty] and eotyleten, 
traced on vertical glass, from $40 A.xf, to T0AS Fat Movemente of 
boul magnified ubout 26 times. 


Cyclamen Pecnicum (Primulaces:).—This plant is generally suup= 
posed to prodace only a single cotyledon, but Dr. H. Gressner * 
has shown that a second ono is developed after a long intersal 
of time. ‘The hypocotyl is converted into a globular corm, evan 
before the first cotyledon has broken throngh the ground with its 
Viode clonoly enfolded and with ita petiole in the form of an arch, 
like the arched hypocotyl or epicotyl of any onlinary dicotyle- 
donous plant, A glass filament was affixed toa cotyledon, "55 
of an inch in height, tho petiole of which had straightoned itself 
and stood nearly vertical, bat with the blade not as yet fully 
expanded. Its movements were tmced daring 24) h. on a 

horizontal glass, magnified 50 
Figs times; and in this interval ib 
described two irregniar small 


circles; it thercfore cireuraay- 
tates, though on an exteumely 
small seale. 


Sapeli retreummutation _,Spslia rarpedon, (Ascle- 
of hypocotyl, itlwminsted from pisdew),— This plant, when 
alors, tracot es horizontal glass, mature, rusembles a cactun 
foun 6.55 2% dune 20th MES ‘The flattened hypocotyl Je 
eth t oe! ‘osguified 21 fleshy, enlarged ix the upper 
time. part, and bears two rudimen 

tary cotyledons. It broakn 

Shrongh tho ground in an arched form, with the rudimentary 

cotyledons closed cr in contact. A filament was affixed almost 


© | Bot, Zeitung,’ 1874, p, 837. 
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erate samen eh 1 igrgemeerdae a and 
its movements were traced during 60h. on a horizontal glass 
From some unknown cause it bowed itself to ona 


shown. 
corruloa vol Phorbitis nil (Convolvulncow)—Seodlings 
of this plant were observed because it is a twiner, the upper 
internodes of which circumnutate conspicuously; but, like 
other twining planta, the tirst fow internodes which rico abovo 
the ground are stiff enough to support themselves, and therefore 
roa eireurnutate in any plainly recognisable maunor.* In 
dhia particular instance the fifth internode (including the hypo- 
cotyl) was the first which plainly circumantated and twined 
round a stick. We therefore wished to learn whether cirenm- 
-gutation conld bo observed in the hypocotyl if carefully obsarved 
in our usual manner. Lwo seedlings were kept in the dark 
‘with filamenta fixed to the upper part of their hypocotyls; but 
from ciroumstances not worth explaining their movements were 
teaced for only a short time, One moved thrice forwards and 
‘twice backwards in nearly opposite directions, in the course of 
Sh. 15m.; and the othor twico forwards and twice backwards 
in 2b. 22m. The hypocotyl therefore circumnutated ut a ro- 
hi rate. It may here be added that a filament waa 
afixod transversely to the summit of tho second internodo above 
‘the cotyledons of a little plant 84 inches in height; and its 
‘movements were treed on «horizontal glass, Tteircumnutated, 
and the actual distance trayelled from side toxide was a quarter 
ofan inch, which was too small an amount tobe perceived with- 
out the ald of marks. 
‘The movements af the cotyledons are interosting from their 
nnd rapidity, und in somo other respects. Tho 
(2 inches high) of avigorous seedling was secured toa 
anda filament with teianglos of paper was affixed to ono 
cotyledons. The plant was kept all day in the hothouse, 
and st 42 2. (Sune 20th) was placed under @ skglight in 
‘the house, and during the evening and 
night. It foll in» slightly zigzag line to a inodorate extent 
foom £20 rt till 10.15 v.41. When looked at shortly after mid- 
night (1230 vac) it hed. risen a vory little, and considerably hy 


* *Movementa and Habits of Climbing Plants,” p, 33, 1875. 
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3.45 aot. When again looked 
Fig, 85, 





Fromme orice; etrcumautatan of 
ledoo, traced va vertical 
row 830 sik Jone Slot to GAS 
AM. Bie, Catytaen with patole 
Tork ta leagih, apex of blade 
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at, at 6.10 aon (st), it nd 
fallen largely. A new tracing 
was tow began (seo Fig. 86), 
and soon afterwards, at 642 
AML, the cotyledon had risen a 
little, During the forenoon it 
was observed about every 
hour; but botween 12:30 and 
6 rm. every half-hour, If the 
observations had been made at: 
those short intorvals during tho 
whole day, the figure would 
have been too intricate to have 
boon copied. Ax it was, the 
cotyledon moved up and down 
fn the course of 16 h, 201. (Lo, 
between 6.10 a.m, aod 10,30 
fat) thirtoen times, 

‘Whe catyledons of this soed- 
ling eank downwards during 
‘both ovenings and the early 
part of the night, but rose 
during the lator part. As this 
is an unusual movement, the 
cotyledons of twelve other seed= 
Tings were observed ; they #tood 
almost or quite horizontally at 
mid-day, and at 10 vat. were 
all declined at various anglos. 
‘The inost usual angle was be- 
toreen SC? and 84°; bat three 
stood at about 50° and one at 
‘even 70° beneath the horiven, 
‘The blades of ail these cotyle- 
dons had attained almost their 
fall size, viz. from 1 to 1} inches 
in longth, measured along their 
midrita It is « remarkable 
fact that whilst young—that 
ia, when loss than half an dneh 
in length, moasured in tho 
sane manner—they do notasink 


Curt CERINTHE, ag 
downwards in tho evening. ‘Thermforo their weight, which fs 


likewise aink downwards Inta in the evening. 
Certuths major (Boraginm).—The circumnutation of the 
hypocotyl of n young seedling with the cotyledons bandly 


Fig. 


Cormthe majors Aecumnutation of }, with filament fixed eros its 

Cromarty Hicainatad op ae lage ls 
9228 Ans, to 9.53 ¥20. on Oct. 26th, Moyeinent of the bead mayultied 
8 times, bore reduced to one-thint of original scale, 


expanded, is shown in the annexed figure (Fig. 86), whieh 
apparsatly roprocents four or five irregular ellipses, deseribed 
im the course of a little over 12 hours, Two older seedlings 
‘wore similarly observed, excepting that ono of them was kept 
in the dark; their hypocotyls also circumnutated, but in a more 


simplo manner. ‘The cotyledons on a seedling exposed to the 
Hight fell from the early morning: until n little after noon, and 
‘thon continued to rise until 10:20 rat or lator. ‘Tho cotylodons 
‘of this same seedling acted in the same general manner during 
‘the two following days, It hai provionsly bean tried in tho 
dark, and after being thus kept for only 1h. 40m, the cotyledans 
Oo Epa EO aad continuing to rise till 
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Noiana prostrate (Nolanere),—The movements wore not 
traced, but pot with seodlings, which had beon kept in the 
dark for on hour, was placed under the micrcecope, with tho 
micrometer eyepiece so adjusted that each division equalled 
‘srfoth of an inch. ‘The npex of one of tho cotyledons erosced 


‘again darkness: 
crossed two divisions in 6m. 188; that is, at very nearly the 
tame rate as before. After another interval of an bour in dark- 
‘Doss, it crossed two divisions in 4m. 152,, there- 
Fig. 37, fore at a quickor rnc. In the afternoon, after a 
Jonger interval in the dark, the apex was motion= 
loss, but after a time it recommenced moving, 
thongh slowly; perhops the room was too cold. 
Judging from previous eases, there ean hardly 
4 ‘be u doubt that this soodling was cireumnnta- 

ting. 

Solanum Tycopersicum (Solanc)—Tho mava- 
ments of tho hypocotyls of two woodling to- 
Solamen matoes were observed daring seven hours, and 
Sem otis there could be no doubt that both cireumnn 
ertyle  wign tate. ‘They were iluminatod from abovy, but 
jlunent fixe by an accident a little light entered on one side, 
ocrom ite sum- and in the accompanying figure (Fig. 37) it 
mit a may bo foon that the hypocoty] moved to this. 
0 wae en Side (tho upper one in the figuro), making equall 
Sp.x. Oct. 24th. loops and zigzagzing in its cours, ‘The mores 


Magnified shoot various hours, They fell from 8.30 4.4.(October 
3s Sam, hen 17th) to about noon; then moved laterally ina 
home wet; zigzag lino, and at about 4 ru. began to rise; 
mule, thoy continmed to do so until 1030 pa, by 

which hour thoy stood vertically and wero asleep. 
or early morning they began to fall 
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palinacenthum.—Several arched hypocotyls rising 
‘an inch above the ground, but with the cotyledons 
‘beneath the surface, wore observed, and the tracings 
ciroumnutated, Moreover, in several cases 
circular spaces or cracks in the argillaccous sand 
arched hypocotyls were visible, and 
boon mado by the hypocotyls having 
‘then to another aide whilst growing up- 
instances the vertical arches were observed to 
distance 


considerable 
cotyledons lay buried; this movement, which has been 
in some other eases, and which seems toaid in extracting: 
cotyledons from the buriod secd-coats, i¢ due to the com- 
of the straightening of the hypocotyl. In order to 
this latter movement, the two legs of an arch, the 
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Pg. 3, 








linceantivm ; clreumautation of an arched Aypocntyl- just 
from the ground, with the iwo logs tied tne 
‘on a horigontel from 9.20 A.at. Dec, 17th to 8,30 aa, 
4H, Movemont of end magnified 13 timea; but the Aamenty which 
‘was affived obliquely to the crown of the arch, was of unusual length. 


summit of which was on a lovol with the surface of tho soil, 
‘were tied together; the earth having been previonsly ramoved 
t a littlo depth all round, ‘The movement of the arch during, 
47 hours under thess unnatural circumstances is exhibited 
Jn the annexed figure, 


‘The cotyledons of some seedlings in the hot-house ware horl- 
zontal about noon on Dooombor 13th; and at 10 pax, had risen 
ton angle of 27° above the horizon; at 7 a, on the followiig 

Ba 
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morning, before it wad light, they had risen to 59° above the 

horizon; in the afternoon of the same day they wore found 
again horizontal, 

Bets vulgaris (Chenopodew).—The seedlings are excessively 

sensitive to light, so that although on the first day thoy 

‘wore uncovered only during two or three 

Fig. 39. minutes at each observation, they allamoved 

steadily towards the side of the room 

whonece the light proceeded, and the tre 

ings consisted only of slightly zigzag lines 


directed. towards the light. On the next 
day the plants wero placed in a complotely 
| darkened room, and at each observation 


‘were illuminnted ax much ns possible frat 
vertically above by a small wax taper. ‘The 

Ec sunexed figure (Fig. 9) shows the more 
mont of the bypocoty! during 9h. under 

<b these circumstances, A second seedling 
iglesias was similarly obscrved at tho same time, 
and the tracing had the same poculine 

fica!’ Whtgealy'a: charactor, duo to tho hypocotyl often mov 
crows its summit, ing and returning in nearly parallel lines. 
‘med in darkness The movement of third hypocoty! differs 


ou horizontal glssx, 

from 825 asi, to Breatly. 

pene ee Ding speevepepetcigele Sat 
nent ef bead of the cotyledons, and for this purpose 

Fhagnifed 28 time ome xeedlings were kept in the dark, but 

third of origina! they moved in an abnormal manner; they 

wale, continued rising from 849 a. 10 2 vot, 


then moved laterally, and from 8 to 6 Pat. 

Acacended; whereas cotyledons which havo been expored all 
the day to tho light riso in the evening © as to ntand verti~ 
sally ak night; but this statement applios only to young 
For instance, six wellings in the gresnhonso had 

their cotyledons partially open for tho first tire on the morning 
of November 16th, and at 845 rat. all wero complctoly closed, 


Which were surrounded by a collar of hrown paper 60 that they 
qeceived ight only frum above, were open to the extent of 
‘39; at 10 px. they were completely closed; next morning 
(November 25th) at G45 ae,, whilst it wus atill dark, two of them 
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‘were partially open and all openod in the course of the morning; 
but at 10.2) nat. all four (not to montion nino others which 


mnch more raiaod than daring tho day, On tho 
night of the 80th tho cotyledons of the four wore only alightly 
raised, 


Ricinus Borbaaienats (Eaphorbiacen),—Seeda were purchased 


cotyledons which wore still buried bonoath the surface, and tho 
movement of the bead was traced on a horizontal glass during 
1 period of $4 h. ‘The lines traced were strongly zigzag, and 


longer el 
Quercus Ee ee ne a ere) ae an Amorican 
oak which had germinated at Kew were planted in a pot in 
the greenhouse. This transplantation checked their growth; 
but after @ timo ono grew to a height of tive inches, 
mensared feuihoctina of the mall partially unfolded leaves on 
the stmmit, and now looked vigorous. Tt consisted of six 


that it would ¢frenmoutate; bat the annexed figure (Fig. 40) 
shows that it did so 1m a conspicuous manner, changing its 
course many times and travelling in wll directions during the 
48h. of observation, Tho figure seema to represent 5 or 6 
irregular ovals or ellipees. ‘Tho actnal amount of movoment 
from side io side (excluding one great bend to the left) was 


to the rapid growth of the stom, the attached filament was 
much further from tho amark beneath ot the close than at the 
commencement of the observations. Tt deserves notiea that the 
pot was placed in a north-cast room within a deep box, the top 
of which was not at first: covered up, so that the inside facia 
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the windows was x little more illuminated than the opposite 
sido; and during the first morning tho ktem travelled to @ 
greater distance in this direction (to the loft in the figure) than 
it did afterwards when the box was completely protected from 
Hight. 


Fig. 40. 





eerous (Americas op.) circumuntation of yetng stm, trace] oot 
from 12.50 rat. Feb. 22nd to 12.5080, 24th. Morewnent 
ly magnified at first, but slightly townrde the olove of the 

wie} Retest 10 Giese ua average. 


Querens robwr,—Observations were made only on the move- 
ments of the redicles from germinating acorns, which wore allowed 
to grow downwards in the manner previously described, over 
plates of smokod glass, inclined at angles between 65° and 69° 
tothe horizon. In four cases the tracks left were almost straight, 
but the tips had proseed eometimes with more and sometimes 
with lew forvo on the glass, as shown by tho varying thicknoss 
‘cof the tracks and by little bridgor of soot left mcroas them. 
In tho fifth caso the track was slightly serpentine, that is, the 
tip had moved a little from sido to side. In the sixth case 
Pie. A) wes plainly serpentine, and the tip had preced 

almost equably on the glass in it whole courec, In the seventh 
caso (B) the tip had moved both laterally and had pressed 
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alternately with unequal force on the glass; so that it had 
moved a littlo in two planes at right angles to ono another, In 


wgain. ‘There can bo no doubt that in the last four cases the 
mudicle of the oak ciroumnutated whilst growing downwanis, 


Fig. 44, 


“A B c 


Quercus vebars trucks lo oo Sactined emcked glasepletes Uy pe of 
atides in growing downwards, Plates A not C ipolined st 69° 0a 
Pine bat 0 to horizon, 


Corylus aveltana (Caryleces).—Tho opicoty! breaks through 
the ground in an arched form; but in the apecimon which was 
first examined, the apex had become decayed, and the opicotyl 
grew to some distance through the soil, in a tortuous, almost 
horizontal diroction, like a root. In consequonco of this injury 
it had omitted near tho hypogean cotyledons two socondary 
shoot#, and it was remarkable that both of these were arched, 
like the normal epicotyl in ordinary cases. ‘Tho soil was removed. 
from around ono of these arched secondary shoots, and » glass 
filament was affixed to the twsal leg. The whole was kept 

teneath a motal-box with a glasa lid, and was thos ilumi- 

only from above, Owing apparently to the lateral pressure 
of the earth being removed, the terminal und bowed-down part 
‘of tho shoot began at onee to move upwards, ko that after 
2th. it formed a right angle with the lowor part, ‘This lowor 
part, to which the filament was attached, also ne! 
itself, and moved a little backwards from the upper part. Con- 
sequently a long line was traced on the horizontal glass; and 


— 
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this was in parts straight ond in parts decidedly zigzag, 


indicating cireumnutation. 


‘On the following day tho other secondary shoot was observed ; 
it was a little more advanced in age, for the upper part, instend 


covellana: circumoatn- 
tion fa yoong shoot emitted 
from tho epicotyl, the apex 
of which had been injured, 
triced on s horizontal glass, 
from 9 ast, Feb. 2nd to 6 
Ax. 4h. Movement of 
bead magnified about 27 
tienes, 


‘of dopeniling vertically downwards, 
stood at an anglo of 45° above the 
horizon. ‘The tip of the shoot pro- 
Jeotod obliqnely “4 of an inch above 
the ground, but by the close of our 
observations, which lasted 47 h,, it 
had grown, chiofly towards ita base, 
to a height of “85 of an inch, The 
filament was fixed transversely to 
tho basal and almost upright half 
of the shoot, close beneath the loweat 
scalelike appendage. ‘The circum- 
nutating course pursued is shown 
in tho accompanying figure (Fig. 
42). ‘The notual distance tmverved 
from side to sido was about ‘04 of 
an inch. 

Pinus pinaster (Conifer). — A 
young hypocotyl, with the tips 
of the cotyledons still enclosed 
within the seed-coats, was at first 


only *85 of an inch in height; but tho upper part grew 60. 
rapidly that at the end of our observations it was °6 in height, 





Fig: 4. AN D\ 


Plast plester: ircomantation of hypecotyl, with filament Ged ecross ite 


et eat om borleyatal gla, frow 10 a.m. Maroh Slat to 9 Ame 
Bol. 1g kept in dersomn, Movement of bead magnified about 
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and by this time the Alamont was attached some way down the 
little stem, From some unknown cause, the hypocotyl moved 
far townrels the loft, but there could be no doubt (Pig, 43) that 
it eiroumnntated. Another hypocotyl was similarly 
fund It likewise moved in a strongly aigeng, line to the sume wide, 
‘This Interval movement was not cauged by tho attachment of 
the glass filaments, nor by tho action of Light; for no light was 
allowed to enter when each observation was made, excopt from 
‘vertically abowe, 

‘The hypocotyl of a sovdling was secured to a little stick; it 
tors nine in appearance distinct cotyledons, arranged in. a cirels, 
The thovements of two nearly oppoito ones wore obeerved. ‘The 
tip of one was painted white, with a mark placed below, and the 
figure described (Fig. 44, A) shows that ft made an irregular 


Fig. 44. 





Pinus + ereummutation of two opposite cotyledons, traced on 
wt in darkness, from S48. a. to 8.95 030. Nov, 25th, 


Moweenent of 149 A ified alent 22 thy here redaeed to one 
Salleferigind pee. 45 
efrelo in tho cour of abont $ h, During tho night it 


com 

‘travellod to @ considerable distance in the dircotion indicated 
1 Slee rece A gloss Mument was attached longitu- 
dinnlly to the other cotyledon, and this noarly completed 
(Fig. 4, B) an irrogular circular figure in about 12 houra. 
During the night it also moved to a considerable distance, i 
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Cycax pectinata (Cycadem).—Tho large scods of this plant in 
germinating frat protrude a single lent, which broaks through 
the ground with the petiole bowed into an arch aod with the 
leaflets involutod. A leaf in this condition, which at the close 
of our olorvations was 2} inches in height, had its movements 
‘tmeed in a warm greenhouse by means of a glass filament 
bearing paper triangles attached across its tip. Tho tracing 
(Pig. 45) shows how large, complex, and rapid were the cireum- 


Fig. 45. 








Cyocs pectinata + circumnutation of young leaf whilit emerging fro the 
ground, feobly iHuminated from above, trnoad cn vertical glany, from 
S rx. May 25th to 11 Ast. Sat, Movement magnitied 7 times, here 
reduced to two-thinds of original wale. 





nistating morementa, ‘The extramo distance from ride to sido 
which it passed over amounted to between *6 and *7 of on 
inch. 

Canna Warseewiesii (Cannacem).—A seedling with the pln+ 
mule projecting one inch above the ground was observed, but 
nob under fair conditions, as it was broaglt out of the hot- 
homse and kept in a room not sufficiently warm. Nevertheless 
the trecing (Fig. 46) shows that it made two or throe incom- 
plete frrogniar circles or ellipses in the course of 48 hours, The 
plumule & straight; and this waa tho first instance observed 
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by us of tho part that fit breaks through tho ground not 
being arched. 


Wig 45. 


7) 


Core “igen _fircumastatlon of Lon with filament affixed 
obliquel: thelike Leal, raced iu darkness onboriaontnl glass 
ont Gs nom: Nor uk tp 8410 sa Lich, Movement af baad hag 
nifed 6 times 
Allium cepa (Liliscem)—The warrow freon leaf, which pro- 

‘tendes from the seed of the common onion as a cotyledon,” 

breaks through tho ground in tho form of an arch, in the same 

manner ax the hypovotyl or ¢pivotyl of a dicotyledonous plant. 

Long after the srch has risen above the surface the apex 

remaina within the seed-conts, evidently absorbing the still 

abundant contents, The summit or crown of the arch, when 
it first protrudes from the seed und in still buried beneath the 
ground, is simply rounded ; but beforo it reaches the surface 
it is developed into @ conical protaberance of a white colour 
(owing to the absence of chlorophyll), whilst the adjoining parts 
arm green), with the epidarmis apparently rather thicker and 
tougher than elscwherc, Wo may therefore conclude that this 
conical protuberance is a special adaptation for breaking through 
the ground,? and anawers the sme end as the knife-like white 
crest on the gummit of the straight cotyledon of the Graminem, 


* ‘This 4s the exprowion wsod —purposo whet It mbscrvos. Ho 
Sachs in lls "Text-hook of stats that good figura of the 
a cotyledon of the onion have been 
Haat na brie OE nen, by ‘Titian acl by Roche 
wetted Cone eae ee oe peri 


fn has outal Physiologie 
fra po 
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After a timo the apex is drawn out of the ompty soed-coate, 
and rises up, forming a right angle, or more commonly a still 
larger angle with the lower part, and occasionally the whole 
becomes a oansth eke ‘Tho conical protuborance, which 
originally formed the crown of the arch, is now seated on one 
side, and appears Tike a joint or knos, which from acquiring 
chlorophyll becomes grecn, aud incroases in size, In rarely of 
never becoming perfectly straight, these cotyledons differ remark= 


that the attenuated extremity of the upper bent portion 
invariably withers and dies. 

A filament, LT inch in length, was affixed neatly upright 

beucath the knee to the baaal and vertical portion of m 

cotyledon; and its movements wore 

Hig. $7. traced during 14h. in the usual manner. 

Tho tracing here given (Pig. 47) indie 

cates cirenmmutation. ‘The movement of 

the upper part above the knee of the earne 

cotyledon, which projected at about nn 

fanglo of 45° above the horizon, was 

‘observed at the samo time. A filament 

‘wax not affixed to ft, but a mark was 

placed beneath the apex, which was 

‘almost white from beginning to wither, 

and its movements wer thus traced, ‘The 

Allium cepa: ciroumsn- figure described resomblod protty closely 

ee of baal hslf that above given; and this shows that the 

of arphed catsiwiony chief mat of movement is in the lower or 
Merietal glais Goon basal part of A eS 5 

PM. Asprragua offeinalie (Asparagess)— 

tet Sit. Movoment ‘Tho tipot a straight plamulear cotyledon 

Shout 17 tne (for wo do not know which it chould bo 

called) was found at a depth of “1 inch 

henenth the xarfice, and the earth was then removed all round 

tothe depth of 3 inch. A glass fllament wns affixed obliquely to 

it,and the movement of the bead, magnified 17 times, was traced 

indarknmss, Daring the first 1h, 15m. tho plumule moved to 

tho right, and daring tho next two hours it retarnod in a roughly 
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the same general direction, Wut in a elightly zigzag manner, 
until it beeamo upright, On the following morning it changed 
its course completely. ‘There ean thorefore hardly be a doubt 
‘that the plumale circumnutates, whilst buried beneath the 
ground, a8 much as the pressure of the surrounding earth will 
perinit. Tho surface of tho eoil in the pot was now covored with 
a thin layer of very fine argillnceous sand, which was kept damp; 
and after the tapering seedlings had grown a few tentha of 
‘a0 inch in height, cach was fonnd surrounded by a Little open 
‘space or circular crack; and this could be acsoanted for only by 
their having circumnutated and thus pushed away the sand on 
all sides; for there was no vustige of a crack in any other part. 

In onder to prove that there was circumnutation, the move: 





Biceeee Rez civeursputation of plumulos with tips whitauod and 
a enrath, traced on «horizontal ginss. A, young plumule; 
‘movewient trical from 850 Ai. Now. 20th to 7-15 Ast west 4 
maguitiel about 35 times. By older plurvale ; novement traced from 
1015 Aat. to B10 pat. Nov. 204i; magnified 9 times, but here reduced 

6 one-half of original scale, 
ments of five reed!ings, varying in height from’ inch to® inches, 
were traced. Thoy were placed within a box and illuminated 
from above; but in all five cascs the longer axes of the figures 
wore directod 1o nearly the same point; so. that mom 
light seemed to have come through the glass roof of the green- 


“two of than, In A (Pig. 48) tho soodling was only «45 of an 
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inch fn heft, and consisted of a single intornode bearing a 
‘bud on its summit, Tho apex described betwoon 8.80 a.af. and 
10.20 pat. (Le during nearly 14 hours) a figare which would 

Ny have consisted of 8} ellipses, had not the stem beom 
drawn to one sido until Lyar,, after which hour it moved back- 
warda On the following morning it was not fur distant from 
‘tho point whence it had first started, ‘Tho actual amount of 
movement of the apex from side to sido was very small, viz, 


‘three internodes Lealdes the bud on tho summit, The figure, 
whieh was desoribed during 10h., apparently represents two 
irregular und unequal ellipso or circles. ‘Tho actual amount of 
movernont of the apex, in tho line not influenced by the light, was 
“Li of an inch, and in that thus infuenced “87 of an inch, With 
& noodling 2 inchos in height it was obvious, even without tho 


prosont caso of a slightly flattened reddish ahoath, terminating: 
upwands in a sharp white edge; it enclows a true groan Teal, 
which protrades from the sheath through a alit-like orifice, 
lose benoath and at right angles to the sharp edge on tho 
summit, ‘Tbe sheath fs not arched when it breaks through the 
ground. 

‘Tho movomonts of three rather old ecedlings, about 1} inch 
in height, shortly before the protrasion of the loaves, were fiznt 
‘traced. ‘They wor iltnmninated exotusively from above; far, as 
Will hereafter te shown, they are excessively eensitive to the 
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action of light; and if any entora evon tomporari 
Deu to this sidein slightly zigzaulines. Of the three 


© horiaontal 
from 8.35 ast. Nor. 28th to 
BAS A.M, 27th, Movement of 
apex magnified 7 times, hore 
reduced to one-half scala. 





50) shows that the apex 
course ten times in the 


Pig. 80, 
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scope with a micrometer eyepiece, so arranged that each 
division equalled {pth of an inch. After an interval of 39m. 
tho apex was obsorved, and it was seen to cross a little obliquely 
ifsc fivincaw ot the miccsastectiad i 15 «5 and after a few 
minutes iterossed the same space in 8 im. 50.8, The seedling 


We may therefore conclude that it wax travelling at abont the 
rato of gyth of an inch in 45 minutes. We may also concinde 
from theso and the previous observations, that tha seedlings of 
Phalaris in breaking throagh the surface of the soil circum 
‘nutate as much as the surrounding prossure will permit, This 
fact accounts (aa in the cage before given of the asparagus) for 
‘ cirenlar, narrow, open space or crack being distinctly visible 


uniformly damp. 
Zea mays (Graminew)—~A glass filament was fixed obliquoly 
to thy cummmit of a cotyledon, 
Fig, 51. rising 2 of an inch above the 
ay ground; but by the third morne 
ing it had grown to exactly 
thrice this height, so that the 
distance of the bead fram the 
A mark bolow was groatly in- 
he aN ‘creased, consoqnontly the trac 
a ing (Fig. 51) was much more 
ww. magnified on the firet than on 
the second day. The upper 
ef part of the cotyledon changed 
eae ita course by at least os mach 





a cheoymamtaden of eatyler a6 @ rectangle six times on each 

dea, traced vs bere nial claw Oe tsa two. _ ‘The plant 

Movemant of besd magnitiet oo an luminal an obscure 

average about 25 thiues, ght from vertically above 
on 





u 


This was ® uvcemary proca- 
the provious day we had tmiced the movements of 
cotyledons placed in a deop box, the inner side of which was 
feobly illuminated on one ride from a distant north-east window, 
end at each cleeevation by a wax taper hold for a minute or 
two on the sume side; and the revult wos that the cotyledons 
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conoladed that they were circumnutating; but wo thought it 
advisable to make the tracing above given. 

‘Rasdieles—Glase filamonta wore tized to two short mdicles, 
Placed #0 a6 to stafid almost upright, and whilst bonding down- 


i 


‘ciroumnutation might 
inforred, had not their tips bocome alightly withored after the 
first 24h,, though they were watered and the air kept very 


damp. Nine mdicles were next arranged in the manner 
formerly described, eo that in growing downwarda they left 
tracks on smoked glass-plates, inclined at varions angles between 
45° and 80° beneath the horizon, Almost overy one of theses 
tracks offered evidence in their greater or less breadth in dif- 
ferent parts, or in little bridges of soot being 

left, that the apex had come alternately into Fig. 52. 
more and lom eloso contact with tho glass. In 

the accompanying figure (Fig. 62) we have 

an aveurate copy of ana track. In 


Zan k 
doticato radicles. Tet Ou nine 

“Avena soties (Graminee).—A cotyledon, 1} smoked glase 
inch in height, was placed in front-of a n Bite by tp 


igzog line from 9 to 11,30 At, on October 15th; it thon moved 
a little backwards and zigzagyed much until 5 r.m,, after which 
hoar, and during the night, it continued to move towards the 

he followin ‘tho same movement was 


until 236 extraordinarily dark from thu 

During this interval of Lh. 55 m., whilst tho light was obscure, 
it was interesting to observe how cireumnutation overcame 

for the apax, instead of contirming to move towards 
the window in a slightly ziguag line, roverwed its course four 
times, making two small narrow ellipses. A diagram of this case 
will be given in the chapter on Heliotropism, 

r 





a figure of 8 a well as two small ellipses in 5) hours, 
Nephrodium motle (Filices) i 


came up 
Fig 3. pot near ite parent, ‘Tho frond, 
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Oct. Sat. Was fixed to the end of the frond- 
like stem, and the movement of the bead 
‘traced on a horizontal It ‘its course poveral 
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CHAPTER I. 


(Grsenat Coxsmmrnarions ox TR Movirents ap Gnowrit oF 
Simepuine PLawrs 


coon rs cimumuntating movemént—Radictes, their etreum= 
‘Ratation of 


ground by being gular mannor of in 
‘Re.—Abortion of cotylodons— Cireuminutation of hypocotyla 
‘and epiootyls buried und power of 


atraighi 

‘effect of the arching process in hypogean hypocolyle—Circumnuta- 
tion of hypocotyls and eplectyls when erct—Circumnutation of 
eotyledons—Palvint or joints of cotyledons, durution of their 
activity, rudimentary in Oxalix corniculata, their dovelopment— 
Sonsitivones of ovtylodons to Light and consequent disturbance of 

their periodic movornents—Scnsitivonces of cotyledons to contact. 
‘Tue circumnutating movements of the several parts 
or organs of a considerable number of seedling plants 
have been described in the last chapter. A list is here 
of the Families, Cohorts, Sub-clases, &c.. 
to which they belong, arranged and numbered ac- 
cording to the classification adopted by Hooker.* 
Any one who will consider this list will see that the 
plants selected for observation, fairly represent 
the whole vegetable series excepting the lowest 
the movements of same of the latter 
when mature will hereafter be described. As all the 
seedlings which were observed, including Conifers, 
Cyeads and Ferns, which belong to the most ancient 


* As i ¥ fi tho ‘Geuernl System of Botany,” by Le -— 
Desten ri 
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types amongst plants, were continually cireumnu- 
tating, we may infer that this kind of movement is 
common to every seedling spocies, 


Sun-Kesonom 1.—Phenogamous Plante, 
Class I.—Droorriapons. 


Subclass 1—Anglorperma, 
Family. Cohort. 
44. Crecifers. Mt, Panncranes, 
26, Caryophylien. TY, Canvoruritates, 
36. Malvaceae, VL MAtvaten 
42. Oxeliden,* VU, Genaxiatice 
40. Tropaetes. Durro 
$2, Auruntioows, Dir 
10. Hippoonrtsnecr. X, SAPHDALEA, 
75. Legumincen. X1. Rosaues. 
106, Cucurbiteces, XL PasKirEoRaceR. 
109, Cactew, XIV, Ficomates. 
122. Compoaite. XVIL. Aernates, 
135, Primalsoex. XX. Proceaten 
145. Anciepiager, XXL Gusrriaxates 
151. Concotestacer. XXHL, Pourmonraties, 
154. Horragines. Drrro 
154, Nolamew. Dire. 
157, Solanea, XXIV. SoLaNati. 
181. Chenopation. SXYVIL Cinexoroprate, 
202. Buphorbiocee, XXXIL Rormonuiaves, 
ELL, Cupulifere, XXXVE Quecates. 
212, Corylocar, rrr. 
Sub-class If —Gymuorperms, 
228, Conifers, 
224, Cyonden, 
Class T1-Moxocorrixpoxs. 
2, Cammsoem, TL Amowtanen. 
34, Leisoee, XL. Laas. 
41. Asparager, Dero 
SS. Craniee. XV. Gtuwares. 
Svp-Kimpom I1—Cryptogamie Fiants. 
1, Pibes, L. Pascanen 


6, Lycapatincer, Dero 
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indeed the soil is extremely loose; for otherwise the 
seed is lifted up, instead of the mdicle penetrating 
the surface. But seeds often get covered by earth 
thrown up by burrowing quadrapeds or scratching 
birds, by the castings of earth-worms, by heaps of 
excrement, the decaying bninches of trees, &e., and 
will thus be pressed down; and they must often fall 
into cracks when the ground is dry, or into holes. 
Byen with seeds lying on the bare surface, the first 
developed root-haira, by becoming attached to stones 
jects on the surface, are able to hold down 
upper part of the radicle, whilst the tip pene- 
the ground. Sachs has shown® how well and 


the 

the wall of the hair ond its subsequent 
consolidation, a3 will be on some future occasion 
more fully described. This intimate union plays an 
‘important part, according to Sachs, in the absorption 
of water and of the inorganic matter dissolved in it. 
‘The mechanical aid afforded by the root-hairs in pene- 
trating the ground is probably only a secondary 
Bervice. 


‘The tip of the radicle, as soon as it protrudes from 
the seed-conts, begins to cireumnutate, and the whole 


* *Physiologie Végetale? 1808, pyr 109, 205, 
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growing part continues to do so, probably for as long: 
as growth continues. This movement of the mdicle 
has been described in Brssica, Alsculus, Phaseolus, 
Vicia, Cucurbita, Quercus und Zea. The probability 
of its occurrence was inferred by Sachs,* from mdicles 
placed vertically upwards being acted on by geotro- 
pism (which we likewise found to be the case), for if 
they had remained absolutely perpendicular, the attrac 
tion of gravity could not have caused them to bend to 
any one aide. Circunmutation was observed in the above 
specified cases, either by means of extremely fine fila- 
ments of glass affixed to the radicles in the manner 
previously described, or by their being allowed to 
grow downwards over inclined smoked glaas-plates, on 
which they left their tracks, In the latter cases the 
serpentine course (see Figs. 19, 21, 27, 41) showod 
unequivocally that the apex had continually moved 
from side to side, This lateral movement was small 
in extent, being in the cose of Phaseolus at most 
about 1 mm, from a medial line to both sides, But 
there wns also movement in a vertical plane at right 

Jes to the inclined glasplates. This was shown 
by the tracks often being alternately a little broader 
and narrower, due to tho radicles having alternately 
pressed with greater and loss force on the plates, 
‘Occasionally little bridges of soot were left across the 
tracks, showing that the apex had at these spots been 
lifted up. ‘This latter fact was especially apt to occur 


bad previously remarked Seat 
188s, I) ane et 

Ape 
Seis ocean 
an. all sides 





ew 5 ight: d 
the glass mado a semiciroular bend; but Fig. 52 
shows that this may occur when the track is rectilinear, 
‘The apex by thus rising, was in one instance able to 
‘surmount a bristle cemented across an inclined glass- 


they curved downwards through the action of geotro~ 
pism, circumnutating at the same time, and their 
courses were consequently zigzag. Sometimes, how- 
‘ever, they made great, circular sweeps, the lines being 


mgZag. 

Radiclos closely surrounded by earth, oven when 
‘this is thoroughly soaked and softened, may perhaps 
prevented from circumnutating. Yet we 
remember that the circnmnutating sheath-like 
cotyledons of Phalaris, the hypocotyls of Solanum, 
and the epicotyls of Asparagus formed round them- 
selves little cireular cracks or farrows in « superficial 
iP Lijent sand. They were also 
as the hypocotyls of Brassica, to form 

in damp sand, whilst circumnutati 


it will be shown that the rocking or circum- 

ting movement of the flower-heads of Trifolium 

aids them in burying themselves, It ia 

probable that the circumnutation of the tip 

Beda reite 36 slightly. in penetrating the 

; and it may be observed in several of the 

wool given diagrams, that the movement ix 
‘more strongly pronounced in radicles when they fir 
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protrude from the seed than at a rather later period; 
but whether this is an sceidental or an adaptive 
coincidence we do not pretend to decide, Never 
theless, when young radicles of Phaseolus multiflorus 
were fixed yertically close over damp sand, in the 
expectation that ag soon as they reached it they 

* would form circular furrows, this did not occurj—a 
fact which may be accounted for, as we believe, by 
the furrow being filled up as soon as formed by the 
rapid increase of thickness in the apex of the rdicle. 
Whether or.not o radicle, when surrounded .by soft- 
ened earth, is aided in forming a passage for itself 
by cireumnutating, this movement can hardly fail 
to be of high importance, by guiding the radicle 
along line of least resistance, as will be seen in the 
next chapter when wo treat of the sensibility of the 
tip to contact. If, however, a radicle in its down- 
ward growth breaks obliquely into any crevice, or a 
hole left by @ decayed root, or one made by the 
larva of an insect, and more especially by worms, the 
circumnotating movement of the tip will materially 
aid it in following such open passage; and wo have 
observed that roots commonly run down the old 
barrows of worms.” 

When a radicle is placed in a horizontal or inclined 
position, the terminal growing part, as is well known, 
bends down towards the centre of the earth; and 
Sachs has shown that whilst thus bending, the growth 
of the lower surface is greatly retarded, whilst that 
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of the upper surface continues at the normal rate, 
or may be even somewhat increased. He has further 
shown by attaching a thread, running over # pulley, 
to a horizontal radicle of large size, namely, that 


more preciso observations we covered a flat surface df 
damp sand with the thinnest tin-foil which we could 
Procure (02to ‘03 mm., or "00012 to 00079 of an inch 
in thickness), and placed a radicle close above, in such 
® position that it grew almost perpendicularly down+ 
wards. When the apex came into contact with the 


wood, pointed to the same degroo as the end of the 
2 gently loaded with a weight of only a 
an ounce (120 grains) plainly indented the 


SE 


tinsil 


much more rigid, as Sachs has proved, than the part 
immediately above, which has ceased to increase in 
Jength. We endeavoured to ascertain the downward 
pressure of the growing part, by placing gorminating 
beans betweon two small metal plates, the upper one 
of which was loaded with a known weight; and the 
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radicle was then allowed to grow into a narrow hole in 
wood, 2 or 3 tenths of an inch in depth, and closed at 
the bottom. The wood was so cut that the short space 
of midicle between the mouth of the hole and the 
bean could not bend laterally on three sides; but it 
was impossible to protect the fourth side, close to 
the bean. Consequently, as long as the rdicle cons 
tinued to increaso in length and remained stright, 
the weighted bean would be lifted np after the tip 
had reached the bottom of the shallow hole, Beans 
thus arranged, surrounded by damp sand, lifted up a 
quarter of a pound in 24 h. after the tip of tho 
ralicle had entered the hole. With a greater weight 
the radicles themselves always became bent on the one 
unguarded side; but this probably would not have 


possible, but not probable, source of error in these 
trials, for it was not ascertained whether the beans 
themselves go on swelling for several days after they 
haye germinated, and after having been treated in 
the manner in which ours had been; 

Fie namely, being first left for 24 h, in 


Outline of pleco of Digs hola kad aulinooesauceseitial by 

ae reat cat damp sand ina closed box. 

lg . ‘ele We succeeded better in ascertaining 

the talicle “of a the force exerted transversely by these 
grew. Thick- radicles, Two were so placed as to 

cc" .3 ponotruto small holes made in little 


nea of 


SS eee 
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ond. As the wood was highly elastic, the split or 
fissure closed immediately after being made. After 
six days the stick and bean were dug out of the damp 
sand, and the radicle was found to be much enlarged 
above and beneath the hole. The fissure, which was 
at first quite closed, was now open to a width of 
4 mm.; as soon as the radicle was extracted, it imme- 
diately closed to a width of 2 mm. The stick was 
then suspended horizontally by 
a fine wire passing through the a) 
hole lately filled by the radicle, 
and a little suucer was sus- 
pended beneath to receive the 
weights; and it required 8 Ibs. 
$ ozs, to opon the fissure to the 
width of 4 mm.—that is, the 
width before the root was ex- 
tmeted. But the part of the 
tadicle (only “1 of an inch in 
)) which was embedded in 

tho hole, probably exerted a 
greater transverse strain even 
than 8 Ibs, 8 ozs., for it had split 
the solid wood for a length of 
tether more than a quarter of 
an inch (exactly ‘275 inch),and Y 
this fissure is shown in Fig. 65, Weolen tinors kurt close 
A second stick was tried inthe — bole (14 inch in diameter 
baine tnarner with almoxt ex- tt yn dot 
actly the same result. part, through which w radjelo 

We then followed a bettor oe. Meatocues 
plan. Holes were bored near 
the narrow end of two wooden clips or pincers (Fig. 56), 
Kept closed by brass spiral springs. Two radicles in damp 
sand were allowed to grow through these holes, The 
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pincers rested on glass-plates to lessen the friction from 
the sand. The holes were a little larger (viz. "14 inch) 
and considerably deeper (viz. “6 inch) than in the 
trials with the sticks; so that a greater length of a 
rather thicker ‘radicle exerted a transverse strait 
After 13 days they were taken up. ‘The distance of 
two dots (see the figure) on the longer ends of the 
pincers was now carefully measured ; the radicles were 
then extracted from the holes, and the pincers of 
course closed, They were then suspended horizontally 
in the same manner as were the bits of sticks, and a 
weight of 1500 grams (or 3 Ibs. 4 ozs.) was necessary 
with one of the pincers to open them to the same 
extent as had been effected by the transverse growth 
of the radicle, As soon as this radicle had slightly 
opened the pincers, it had grown into a flattened form 
and had escaped a little beyond the hole; its diameter 
in one direction being 42 mm., and at right angles 
35 mm. If this escape and flattening could have 
been prevented, the radicle would probably have 
exerted a greater strain than the 3 lbs. 4023. With 
the other pincers the mdicle escaped still further 
out of the hole; and the weight required to 
them to the same extent as had been effected by the 
tadicle, was only 600 grams. 

With these facts before us, there seems little diffi- 
culty in understanding how a radicle penetrates the 
ground. The apex is pointed and is protected by 
the root-cap; the terminal growing part is rigid, and 
increases in length with a foree equal, ax far ax our 
observations can be trusted, to the pressure of at least 
a quarter of a pound, probably with a much greater 
foree when prevented from bending to any side by the 
surrounding earth. Whilst thus increasing in length 


sit increases in thickness, pushing away the damp 


earth on all sides, with a forco of above 8 pounds in 
one ¢ase, of 8 pounds in another case. Itwas impos- 
sible to decide whether the actual apex exerts, relatively 





alittle higher up; but there seems no reason to doubt 
that this would be the case. The growing part there- 
fore does not act like « nail when hammered into a 
board, but more like a wedge of wood, which whilst 
slowly driven into a crevice continually expands at 
thé eame time by the absorption of water; and a 
wedge thus acting will split even a mass of rock. 
Manner in which Hypocotyls, Epicotyls, &o., rise up 
and break through the grownd.—After the radicle has 
the ground and fixed the seed, the hypo- 
eotyls of all the dicotyledonous seedlings observed by 
‘us, which lift their cotyledons above the surface, break 
through the ground in the form of an arch. When 
the cotyledons are hypogean, that is, remain buried in 
the soil, the hypocotyl is hardly developed, and the 
epicotyl or plumule rises in like manner ag an arch 
through the ground. In all, or at least in most of such 
cases, thie downwardly bent apex remains for a time 
enclosed within the seed-coats. With Corylus avel- 
dena tho cotyledons are hypogean, and the epicoty! 
iz arched; but in the particular case described in 
the last chapter its apex had been injured, and it 
grew latemly through the soil like a root; and in 
consequence of this it had emitted two secondary 
Biss which likewise broke through the ground as 


—_— not produce any distinct stem, and 
only a single cotyledon appeurs at first; * its petiole 


* Thisistheconslusion arrived — considered by otter botaniste as 
Simca attececnsy 
thet what ‘has boon —dolayi in ita development, 
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breaks through the ground as an arch (Mig. 57). 


Fig. Ste 


Abronia also has only a single fully 
developed cotyledon, but in this 
case it is the hypocotyl which first 
emerges and is arched. Abronia 
umiellata, however, presents this 
peculiarity, that the enfolded blade 
of the one developed cotyledon 
(with the enclosed endosperm) 


+ whilst still beneath the surface has 


Seni ith oreket 


Rime tacit, &, 
hypocutyl ‘ety 
intoncurm  rysecond- 
ary radiclen, 


its apex upturned and parallel to 
the descending leg of the arched 
hypocotyl; but it is dragged 
out of the ground by the con- 


tinued growth af the hypocotyl, 
with the apex pointing downward. 


With Cycas pectinata the cotyledons are hypogean, 


Fig. 58. 


rebel; 4, secuod ant 


pertially 
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and a true leaf first breaks 
through the ground with 
its petiole forming an 
arch. 

In the genus Acanthus 
the cotyledons are likewise 
hypogean. In A. mollis, 
a single leaf first breaks 
through the ground with 
its petiole arched, and with 
the opposite leaf much less 
developed, short, straight, 
of a yellowish colour, and 
with the petiole at first not 
half as thick as that of the 
other. The undeveloped 
leaf is protected by stand- 
ing beneath its arched fel- 
tile low; and it is am instrnce 
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1 oar aac aap ar ap mentees 
aa gh the ground. In the aecom= 
paras teh (Fig. 58) the petiole of the first leaf 
already partially straightened itself, and the blade 
is to unfold. The small second leaf ulti- 
ately grows to an equal size with the first, but this 
Process is eflected at very different rates in different 
individuals: in one instance the second leaf’ did not 
re meal ait week ier ee 
leaf. As the leaves in the whole family of the 





first leayes and in the 


f 


t 
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little, yellowish-white, straight, hairy style. In other 
seedlings the difference in length between the two 
leaves was ag 3 to 2, or as 4 to 3, or a3 only 76 to 
62 inch. In these Intter cases the first and taller leaf 
was not properly arched. Lastly, in another seedling 
there was not the least difference in size between the 
‘two firet leaves, and both of them had their petioles 

> their laminw were enfolded and pressed 


‘the ground by two widely different methods ; and if 
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either had proved decidedly advantageous or disal- 
vantageous, one of them no doubt would soon have 


Asa Gray has described * the peculiar manner of ger~ 
mination of three widely different plants, in which the 
hypocotyl is hardly at all developed. These wera there 
fore observed by us in relation to our present subject. 

Delphinium nudicaule—The elongated petioles of 
the two cotyledons are confluent (as are sometimes 
their blades at the base), and they break through the 
ground as an arch. They thus resemble in a most 

ive manner a hypocotyl. At first they are 
solid, but after a time become tubular; and the basal 
part beneath the ground is enlarged into a hollow 
chamber, within which the young leaves are deyeloped 
without any prominent plumule. Externally root~ 
hairs are formed on the confluent petioles, either @ 
little above, or on a level with, the plumule. The 
first leaf at an carly period of its growth and whilst 
within the chamber is quite straight, but the petiole 
ee becomes arched; and the swelling of this part 
ee bably of the blade) splits open one side of 
ber, and the leaf then emerges. The slit 

Se Getaeies hee ie tea 
it is seated on the line of confluence of the two 
petioles. The leat when it first escapes from the 
chamber is buried beneath the ground, and now an 
upper part of the petiole near the blade becomes 
arched in the usual manner. The second leaf comes 
out of the slit either straight or somewhat arched, but 
afterwards the upper part of the petiole,—certainly in 
some, and we believe in all cases,—arches itself whilst 

forcing  passaye through the soil. 


* + Botanical Text-Book,’ 1879, p. £2. 
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are strongly geotropie, and penetrate the ground. 
seed itself Es its original position, either 
on the surface or buried at some depth, as the cast 
may be. If, however, the point of the confluent 
petioles meets with some obstacle in the soil, as 
appears to have occurred with the seedlings described 
and figured by Asa Gray,* the cotyledons are lifted 
up above the ground. The petioles are clothed with 
root-hairs like those on a true radicle, and they 
likewise resemble radiclos in becoming brown when 
immersed in a solution of permanganate of potassium. 
Our seeds were subjected to a high temperature, and 


trated the soil perpendicularly to a depth of from 
2 w 2 inches; and not until then did the true 
radicle begin to grow. In one specimen which was 
closely observed, the petioles in 7 days after their 
first protrusion attained a length of 2} inches, and the 
‘The plumule, still enclosed within the tube, was now 


* + Anwrican Journal of Sciences,’ vel. xiv. 1877, p 21. 
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B inch in length, and was quite straight; but from 
having increased in thickness it had just begun to 
split open the lower part of the petioles on one side, 
along the line of their confluence. By the following 
morning the upper part of the plumule had arched 
" itself into w right angle, und the 
Me’ convex side or elbow bad thus been 
forced out through tho slit, Hers 
then the arching of the plumule 
plays the same part asin the caso of 
the petioles of the Delphinium. As 
the plumule continued to grow, the 
tip became more arched, and in 
the course of six days it emerged 
through the 24 inches of superin~ 
cumbent soil, still retaining ite 
arched form. After reaching the 
surface it straightened itself in the 
usual manner, In the accompany- 
ing figure (Fig. 58, A) we have a 
sketch of a seedling in this ad- 
yanced state of development; the 
* surface of the ground being re- 
ere presented by the line GG, 
1 ae To peastanba of the seeds in 
Meside eortath hair! mative Californian haeialGeae 
ai eres ceeds in a rather different manner, 
The tne comtuett as wo infer from an interesting 
Dace Bere Sat; letter from Mr, Rattan, sont to us 
Pepin, Dan, by Prof. As Gray. ‘The petiotes 
protrude from the seeds soon after 
the autumnal rains, and penetrate the ground, generally 
im a vertical direction, to a depth of from 4 to even 
6 inches. ‘They were found in this state by Mr. 
Rattan during the Christmas vacation, with the pla- 
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mules still enclosed within the tubes ; and he remarks 
that if the plomules had been at once developed and 
had reached the surface (as ocenrred with our seeds 
Which were exposed to a high temperature), they 
would surely have been killed by the frost. As it is 
they lie dormant at some depth beneath the surface, 
and are thus protected from the cold; and the root- 
hairs on the petioles would supply them with sufficient 
moisture, We shall horeafter see that many seedlings 
are protected from frost, but by a widely different 
process, namely, by being drawn beneath the surface 
by the contraction of their radicles, We may, how- 
ever, believe that the extraordinary manner of germis 
nation of Megurrhiza has another and secondary 
advantage, The radicle begins in a few weeks to 
enlarge into a little tuber, which then abounds with 
starch and is only slightly bitter. It would therofore 
be yery liable to be devoured by animals, were it not 
protected by being buried whilst young and tender, at a 
depth of some inches beneath the surface. Ultimately 
it grows to a huge size, 

Tpomea leptophylla—In most of the species of this 
genus the hypocotyl ix well developed, and breuks 
through the ground as an arch. But the seeds of the 
present species in germinating behave like those of 
Mogarrhiza, excopting that the elongated petioles of 
the cotyledons are not confluent. After they have 

from the seed, they are united at their 
lower ends with the undeveloped hypocotyl and un- 
developed radicle, which together form a point only 
about *L inch in length. They are at first highly 
geotropic, and penetrate the ground to a depth of 
mither above half an in The radicle then begins 
to grow. On four occasions after the petioles had 





grown for a short distance vertically downwards, thoy 
a2 j 
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were placed in a horizontal position in damp air in the 
dark, and in the conree of 4 hours they again became 
curved vertically downwards, having passed through 
90° in this time. But their sensitiveness to geotropism 
lusts for only 2 or 8 days; and the terminal part 
alone, for a length of between -2 and “4 inch, is thus 
sensitive. Although the petioles of our 
did not penetrate the ground to a greater depth than 
about } inch, yet they continued for some time to grow 
rapidly, and finally attained the great length of about 
Sinches. The upper part is apogeotropic, and there- 
fore grows vertically upwards, oxcepting a short 
portion close to the blades, which at an early period 
bends downwards and becomes arched, and thus 
breaks through the ground. Afterwards ‘this 
straightens itself, and the cotyledons then free them- 
selves from the seed-coats. Thus we here have in 
different parts of the same organ widely different kinds 
of movement and of sensitiveness; for the basal part 
ix geotropic, the upper part apogeotropic, and a portion 
near the blades temporarily and spontancously arches 
itself, The plumule is not developed for same little 
time; and as it rises botween the bases of the parallel 
and closely approximate petioles of the cotyledons, 
which in breaking through the ground have formed an 
almost open passage, it does not require to be arched and 
is consequently always straight. Whether the plumule 
remains buried and dormant for a time in its native 
country, and is thus protected from the cold of winter, 
we do not know. The radicle, like that of the Megar- 
rhizs, grows into a tuber-like mass, which ultimately 
attains & great size. So it is with Ipomcea pandurata, 
the germination of which, ns Am Gray informs us, 
resembles that of T. 

The following case ix interesting i in connection with 
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the root-like nature of the petioles. The radicle of a 
seedling was cut off, as it was completely decayed, 
and the two now separated cotyledons were planted. 
‘They emitted roots from their bases, and continued 
green and healthy for two months, The blades of 
both then withered, and on removing the earth the 
bases of the petioles (instead of the rmdicle) were 
found enlarged into little tubers, Whether these 
would have had the power of producing two in- 
dependent plants in the following summer, wo do not 
Ww 
Tn Quercus virens, according to Dr. Engelmann,* 
both the cotyledons and their petioles are confluent. 
The latter grow to a length “of an inch or even 
more ;" and, if we understand rightly, penetrate the 
ground, so that they must be geotropic. The nutri- 
ment. within the cotyledons is then quickly transferred 
to the hypocotyl or mdicle, which thus becomes 
into a fusiform tuber. ‘The fact of 
tubers being formed by the foregoing three widely 
distinct plants, makes us believe that their protection 
from animals at an early age and whilst tender, is one 
at least of the advantages gained by the remark- 
able elongation of the petioles of the cotyledons, 
together with their power of ponetrating the ground 
like roots under the guidance of geotropism. 


‘The following cases may be here given, as they bear 
on our present subject, though not relating to seed- 
lings. ‘The flower-stem of the parnsitic Lathrem 

which is destitute of true leaves, breaks 
through the ground as an arch ;t so does the flower- 


© Transnot. St. Louis Acul. ground cannot fall to be grout 
olence.’ tol, iv, ps 190. inted by the Shimon 
+ pasango of the flower Tanttey of Dibke soerted ot 
sid of the Tathrwa through tho period of the year by the subter= 
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stem of the parasitic and leafless Monotropa hypopttys. 
With Helleborus niger, the flower-stems, which rise up 
independently of the leaves, likewise break through 
the ground as arches. This is also the case with the 
greatly elongated flower-stems, as well as with the 
petioles of Epimedium pinnatum, So it is with the 
petioles of Ranunculus jioaria, when they have to break 
through the ground, but when they arise from the 
summit of the bulb above ground, they are from the 
first quite straight; and this is a fact which deserves 
notice. The mehis of the bracken fern (Péeris agui- 
Tina), and of some, probably many, other ferns, like- 
wise rises above ground under the form of an arch. 
No doubt other analogous instances could be found by 
careful search, Inall ordinary cases of bulbs, rhizomes, 


rancon seale-liks lewres ; not that another ttle pool was scescted, 
there is nny reason to suppows and after 16 additional hours 
that the scretion is a spocial wovoral largo drope. A axnaller 
siete for this pus sit st was washed and placed in 

Jar, whioh was left inclined 


y 

‘raln, tho oarth bad became Light= closed = uftor 2! howtm 

coloured and wory dry, but it waa of water wore collected from the 

darkcoloured wad even in, bottom, aud n litte more after 23 
adiftional hours. The flnwere 


Bt least six inches all round each steme were now cut off, for they 
do not secrete, and the subter- 
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Toot-stocks, &e., buried beneath the ground, the surface 
is broken by a cone formed by the young imbricated 
leaves, the combined growth of which gives them foree 
sufficient for the parpose, 

With germinating monocotyledonons seeds, of 
which, however, we did not observe a large number, 
the plumules, for instance, those of Asparagus and 
Canna, are straight whilst broaking through the ground. 
With the Graminew, the sheath-like cotyledons are 
likewise straight ; they, however, terminate in sharp 
crest, which is white and somewhat indurated ; and this 
structure obviously facilitates their emergence from 
the soil: the first true leaves escape from the sheath 
through a slit beneath the chisel-like apex and at 
right angles to it. In the case of the onion (Allium 
cepa) we again meet with an arch ; the leaf-like coty~ 
ledon being abruptly bowed, when it breaks throngh 
the ground, with the apex still enclosed within the 
seed-coats. The crown of the arch, as previously 
deseribed, is developed into a white conical pro- 
tuberance, which we may safely believe to be a 
special adaptation for this office, 

The fact of so many organa of different kinds— 
hypocotyls and epicotyls, the petioles of some coty- 
Tedons and of some first leaves, the cotyledons of 
the onion, the rachis of some ferns, and some flower- 
stems—boing all arched whilst they broak through 
the ground, shows how just are Dr, Haberlandt’s* 
Temarks on the importance of the arch to seedling 
plants. He attributes its chief importance to the 
‘Upper, young, and more tender parts of the hypocotyl! 








* * Die Schutzelurichtangen in by, peeing 
foeditie.on mana. paie Somaibt 
suthor, 
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or epicotyl, being thus saved from abrasion and 
pressure whilst breaking through the ground. But 
we think that some importance may be attributed to 
the increased force gained by the hypocotyl, epicotyl, 
or other organ by being at first arched ; for both legs of 
tho arch increaso in length, and both have points of 
resistance as long as tho tip remaina enclosed within 
the seed-coats; and thus the crown of the arch js 
pushed up through the earth with twice as much force 
as that which a straight hypocotyl, &c., could exert. 
As soon, however, us the upper end has freed itself, 
all the work has to be done by the basal leg, In 
the case of the epicotyl of the common bean, the 
basal leg (the apex having freed itself from the seed- 
coats) grew upwards with a force sufficient to lift a 
thin plate of zine, loaded with 12 ounces, Two more 
onnces were added, and the 14 ounces were lifted 
to a very little height, and then the opicotyl yielded 
and bent to one side. 

With respect to the primary canse of the arching 
process, we long thought in the case of many seedlings 
that this might be attributed to the manner in which 
the hypocotyl or epicotyl was packed and curved 
within the seed-coats ; and that the arched shape thus 
acquired was merely retained until the parts in question 
reached the surface of the ground, But it is doubtfal 
whether this is the whole of the truth in any case. 
For instance, with the common bean, the epicotyl or 
plumule is bowed into an arch whilst breaking 
the seed-coats, a8 shown in Fig. 59 (p. 92). The 
plumule first protrudes as « solid knob (e in A), which 
aiter twenty-four hours’ growth is seen (¢ in B) to be 
the crown of an arch, Nevertheless, with several 
beans which germinated in damp air, and had other 
wise been treated in an unnatural manner, littl 
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Plumules wero doveloped in the axils of the petioles 
of both cotyledons, and these were as perfectly arched 
as the normal plumule; yet they had not been sub- 
jected to any confinement or pressure, for the seed- 
coats were completely ruptured, and they grew in the 
open air. This proves that the plumule has an innate 
‘or spontaneous tendency to arch itself. 

Th some other eases the hypocotyl or epicotyl pro 
trndes from the seed at first only slightly bowed; but 
the bowing afterwards increases independently of any 
constraint, The arch is thus made narrow, with the 
‘two legs, which are sometimes much elongated, parullel 
and close together, and thus it becomes well fitted 
for breaking through the ground. 

With many kinds of plants, the radicle, whilst still 
enclosed within the seed and likewise after its first pro- 
trosion, lies in a straight line with the future hypocotyl] 
and with the longitudinal axis of the cotyledons, This 
is the case with Cucurbita ovifera; nevertheless, in 
whatever position the seeds were buried, the hypocotyl] 
always camo up arched in one particular direction. 
Soods wore planted in friable peat at a depth of about 
an inch in « vertical position, with the end from which 
beet radicle protrudes downwards, Therefore all the 

the same relative positions which 
ba would ultimately hold after the seedlings had 
risen clear above the surface, Notwithstanding this 
fuet, the hypocotyl arched {teelf; and as the arch 
grew upwards through the peat, the buried seeds were 
turned either upside down, or were laid horizontally, 
being afterwards dmgged above the ground. Ulti- 
mately the hypocotyl straightened itself in the usual 
manner; and now after all these movements the 
sevenil parts oceupied the same position relatively to 
‘one another and to the centre of the earth, which they 
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had done when the seeds were first buried, But it may 
be argued in this and other such cases that, as the 
hypocotyl grows up throngh the soil, tho seed will 
almost certainly be tilted to one side; and then 
from the resistance which it must offer during its 
further elevation, the upper part of the hypocotyl will 
be doubled down and thus become arched. ‘This view 
seems the more probable, because with Ranunculus 
ficaria only the petioles of the leaves which foreed 
& passage through the earth were arched; and not 
those which arose from the summits of the bulbs above 
the ground, Nevertheless, this explanation docs not 
apply to the Cucurbita, for when germinating seeds 
were suspended in damp air in various positions by 
pins passing through the cotyledons, fixed to the 
inside of the lids of jars, in which case the hypo- 
cotyls were not subjected to any friction or constraint, 
yet the upper part became spontaneously arched, 
‘This fact, moreover, proves that it is not the weight 
of the cotyledons which causes the arching. Seeds 
of Helianthus annuus and of two species of Tpoman 
(those of J. bona now being for the genus large 
end heavy) were pinned in the same manner, 
and the hypocotyls beeamo spontancously arched ; 
the radicles, which had been vertically dependent, 
assumed in consequence a horizontal position, In 
the case of Ipomea leptophylla it is the petioles of the 
cotyledons which bocome arched whilst rising through 
the ground; and this occurred spontaneously when 
the seeds were fixed to the lids of jars, 

It may, however, be suggested with some degree of 
probability that the arching was aboriginally caused. 
by mechanical compulsion, owing to the confinement 
of the parts in question within the seed-coats, or to 
friction whilst they were being dragged upwards. But 


al 
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if this is so, we must admit from the cases just given, 
that a tendency in the upper part of the several 
specified organs to bend downwards and thus to be- 
come arched, has now become with many plants firmly 
inherited. The arching, to whatever cause it may be 
due, is the result of modified circumnutation, through 
increased growth along the convex side of the part; 
such growth being only temporary, for the part always 
straightens itself subsequently by increased growth 
along the concave side, as will hereafter be deseribed. 

Tt is a curious fact that the hypocotyls of some 
plants, which are but little developed and which 
never raise their cotyledons above the ground, never- 
theless inherit a slight tendency to arch themselves, 
although this movement is not of the least use to 
them. We refer to a movement, observed by Sachs 
in the hypocotyls of the bean and some other Legumi- 
nome, and which is shown in the accompanying figure 
(Fig. 59), copied from his Essay." The hypocotyl 
and radicle at first grow perpendicularly downwards, 
as at A, and then bend, often in the course of 24 hours, 
into the position shown at B, As we shall here- 
after often have to recur to this movement, we will, for 
brevity 2ake, call it “ Sachs’ curvature.” At first sight 
it might be thought that the altered position of the 
tadicle in B was wholly due to the outgrowth of the 
epicotyl (¢), the petiole (p) serving as a hinge; and 
it is probable that this is partly the causo; but the 
hypocotyl and upper part of the radicle themselves 
become slightly curved. 

The above movement in the bean was repeatedly 
seen by us; but our observations were made chiefly on 
Phaseolus mulliflorus, the cotyledons of which are like- 


* * Arboiten dev bot, Instit, Wurzburg,’ vol. i. 1873, p. 403, 
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wise hypogean. Some seedlings with well-developod 
radicles were first immersed in a solution of perman- 
ganate of potassium; and, judging from the changes 
of colour (though these were not very clearly defined), 
the hypocotyl is about 3 inch in length, Straight, 
thin, black lines of this length were now drawn from 
the bases of the short petioles along the hypocotyla 


A Mig, 59. 
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Vise ober gurmiating setls, exapendel tu damp alr: 4, with redlcle 
growing perpendiendarly downwards; By the same bean afler 24 hours 
‘and after the radiole has curred iteelfy 7, radicle ; hy whost hypocotyl ¢ 
é.epicotyl appearing aaa knob in A wod as au arch in Dy gy petiole of 
the cotyledon, the latter enclosed within the seed-coats, 





of 23 germinating seeds, which were pinned to the 
lids of jars, generally with the hilum downwards, and 
with their rudicles pointing to the centre of tho 
earth. After an interval of from 24 to 48 hours the 
black lines on the hypocotyls of 16 out of the 23 
seedlings became distinctly curved, but in very 
various degrees (namely, with radii between 20 and 





HIN ghvioonly tend to check this curvature, seven 

seeds wore allowed to germinate with proper pre 

ope their growth in a klinostat,* by which 

was eliminated. ‘The position of the 

was observed during four successive days, 

ficseylotetioued’ to’ bend tovnrda: tho" hilum’ead 

‘asec seed, On the fourth day they 

Ein a hontai ae 

the lower surface, and were therefore 

‘considerably more curved than the hypocotyl and 

radicle in the bean at B (Fig. 59), though in the same 
relative direction. 


It will, we presume, be admitted that all leguminous 
‘ with hypogean cotyledons are descended from 
mms which once raised their cotyledons above the 
ground in the ordinary manner; and in doing #0, it is 
certain that their hypocotyls would have been abruptly 
rel i in the case of every other dicotyledonous 
his is especially clear in the case of Phaseolus, 
ek five species, the seedlings of which we 
acca: namely, P. multiflorus, caracalla, vulgaris, 
mandesii and Rowburghit (inhabitants of the Old 
‘New Worlds), the three last-named species have 
eloped hypocotyls which break through the 
as arches, Now, if we imagine a seedling of 
on bean or of P. multijlorus, to behave bs its 
nitons once did, the hypocotyl (h, Fig. 59), in 
r position the seed may have been buried, 
become so much urched that the upper part 
een soma eareliel to the lower part; and 








ment devitod by on which the plant unter observ 
‘cosontially of a 800 * Wikreburg 
xin, Aabatten? 1879, p. 209. 
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this is exactly the kind of curvature which actually 
occurs in these two plants, though to a much less 
degree, ‘Therefore we can hardly doubt that their 
short hypocotyls have retained by inheritance a ten- 
deney to curve themselves in the same manner as they 
did at a former period, when this movement was highly 
important to them for breaking through the ground, 
though now rendered useless by the cotyledons being 
hypogean. Rudimentary structures are in most cases 
highly variable, and we might expect that rudimentary 
or obsolete actions would be equally so; and Sachs’ 
curvature yaries extremely in amount, and sometimes 
altogether fails. This is the sole instance known to 
us of the inheritance, though in a feeble degree, of 
movements which have become superfluous from 
changes whieh the species has undergone. 


Rudimentary Cotyledons.—A few remarks on this 
subject may be here interpolated. It is well known 
Pig. 60, that some dicotyle- 

* — donous plants produce 

only a single cotyle- 

d > don; for instance, cer- 

tain species of Raman- 

eulus, Corydalis, Chae 

rophyllum; and we 

* will here endeavour to 

show that the loss of 

one or both cotyle- 

R —_-dons is apparently due 

Citrus aurantiue 1 two young seedlings? to toro of mutri- 
rey sickened by Aoccaet tivatlaes mont being laid up in 

I iN A the epcotyl eatllarchel, in Bit gome other part, as in 
the hypocotyl or one 

of the two cotyledons, or one of the secondary radicles, 
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(Citrus awrantivm) the cotyledons are 
and one is larger than the other, as may 
candy aaabet In B the inequality is rather 
greater, and the stem hos grown between the points 
of insertion of the two petioles, so that they do not 
stand opposite to one another; in another case the 
separation amounted to one-fifth of an inch. The 
Sealer cotylodan of one seedling 
was extremely thin, and not half 
the length of the larger one, #0 that 
it was clearly becoming rudimen- a 
tary." In all these seedlings the 
Lypocoty! was enlarged or swollen. 

With Abronia umbellata one of 
the cotyledons is quite rudimen- a 
tary, a8 may be seen (c’) in Fig. 61. 


Wig. 61. 


ae developed cotyledon (e). 
stood opposite to the Abronin unbellates sont 

‘i ing twico natural sigot 

6, cotylodon,; c', rulle 








the same line with 
1 (hk), the rudiment — tion (’)at the lower 
older seedlings as if 3% ele, 

seated some way down the hypocotyl. With Abronia 
arenaria there i8 a similar rudiment, which in one 











96 RUDIMENTARY COTYLEDONS. ‘Cuan, If 


specimen was only +)th and in another ath inch in 
length; it ultimately appeared as if seated halfway 
down the hypocotyl. In both these species the hypo- 
cotyl is so much enlarged, especially at a very early 
age, that it might almost be called a corm, ‘The lower 
end forms u heel or projection, the use of whieh will 
hereafter be described, 

In Cyclamen Persiewm the hypocotyl, even whilst still 
within the seed, is enlarged into a regular corm,” and 
only a single cotyledon is at first developed (see former 
Fig. 57.) With Ranunculus jicaria two cotyledons are 
never produced, and here one of the secondary radicles 
is developed at an early age into a so-called bulb.t 
Again, certain species of Chwrophyllum and Corydalis 
produce only a single cotyledon ;¢ in the former the 
hypocotyl, and in the latter the radicle ix enlarged, 
according to Irmisch, into a bulb. 

Tn the several foregoing cases ono of the cotyledons 
is delayed in its development, or reduced in sixe, or 
zondered rudimentary, or quite aborted ; but in other 
cases both cotyledons are represented by mere rudi- 
ments. With Opuntia basilaris this is not the case, 
for both cotyledons are thick and large, and the 
hypocotyl shows at first no signs of enlargement; but 
afterwards, when the cotyledons have withered and dis- 
articulated themselves, it becomes thickened, and from 
its tapering form, together with its smooth, 
brown skin, appears, when ultimately drawn down to 
some depth into the soil, like a root, On the other 
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<< Aegean 
much enlarged, and both eotyledons are 
almost or quite rudimentary. ‘Chus with Land- 
_beohii two little triangular projections, representing the 
are narrower than the hypocotyl, which is 

ped, with the point downwards, In 
the cotyledons are represented by mere points 
on thé enlarged hypocotyl. In Mchinocactus virideecens 
the hypocotyl is globular, with two little prominences 
on its summit. In Pélocereus Houlletit the hypocotyl, 
rama eto nippee past Intnerely nosehed on 
the summit; and each side of the notch evidently repre- 
sents acotyledon. Stapelia sarpedon, a member of the 
‘very distinct family of the Asclepiades, is fleshy liko 
a cactus ; and here again the upper part of the flattened 
cea eenanar spear er 9 








which, measured internally, were only “15 inch 

in length, and in breadth not equal to one-fourth of the 
| eae in its narrow axis; yot these 
cotyledons are probably not quite useless, for 
“ceieeom breaks through the ground in the 

an arch, they are closed or pressed against one 
tn ht pa ‘hey after- 


eee the several cases now given, which refer to 

widely distinct plants, we may infer that there is some 

clase connection between the reduced size of one or 

and the formation, by the enlargement 

| hypocotyl or of the radicle, of a so-called bully 

may be asked, did the cotyledons first tend to 

did a bulb first begin to be formed? As 

all dicotyledons naturally produco two well-developed 

whilst the thickness of the hypocotyl and 

of the radicle differs much in different: plants, it seems 

obable that these latter organs first became from 
" 
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some cause thickened—in several instances apparently 
in correlation with the fleshy nature of the mature 
plant—so as to contain a store of nutriment sufficient 
for the seedling, and then that one or both cotyledons, 
from being superfluous, decreased in size. It is not 
surprising that one cotyledon alone should sometimes 
have been thus affected, for with certain plants, for 
instance the cabbage, the cotyledons are at first of 
unequal size, owing apparently to the manner in which 
they are packed within the seed. It does not, how- 
ever, follow from the above connection, that whenever 
# bulb is formed at an early age, one or both coty- 
Jedons will necessarily become superfluous, and conse- 
quently more or less rudimentary, Finally, these 
cases offer a good illustration of the principle of com- 
pensntion or balancement of , or, as Goethe 
expresses it, “in order to on one side, Nature 
is forced to economise on the other side.” 
Cireumnutation and other movements of Hypocotyls 
and Epicotyls, whilst still arched and buried beneath 
the ground, and whilst breaking through it—According 
to the position in which a seed may chance to 
have been buried, the arched hypocotyl or epicotyl 
will begin to protrude in a horizontal, a more or 
less inclined, or in a vertical plane, Except when 
alrowdy standing vertically upwards, both logs of the 
arch are acted on from the earliest period by apo- 
geotropiam, Consequently they both bend upwards, 
until the arch becomes vertical, During the whole of 
this process, even before the arch has broken through 
the ground, it is continually trying to circomnntate 
toa slight extent; as it likewise does if it happens at 
first to stand vertically up,—all which cases have 
beon observed and described, more or less fully, in 
the last chapter. After the arch has grown to some 
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the basal part coases to cireumnutate, 


Wiesner’s observations, an inexplicable fuct. He has 
shown* in the ease of certain seedlings, whose tips 
eee corenards (or which nutate), that whilst the 

side of the upper or dependent portion grows 
Rraltheedithe’anterior and opposite side of the basal 

of the same internode grows quickest; these 
two portions being separated by an indifferent zone, 
where the growth is equal on all sides, There may 
even be more than one indifferent zone in the same 


outer side or surface of the left leg were to increase 
‘in length the arch would be pushed over to the right, 
‘tind this would be aided by the inner side of the 
ent rat If afterwards the 
were reversed, the arch would be pushed over 

the opposite or left side, and so on alternately,— 
thai it would cireumnntate, As an arched hypo- 


*Die undulirende oe Al yh published separately, eco 
Pe ‘CVicmnah Jane? Faun. 17th, 1878, 
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cotyl, with the two legs fixed in the ground, certainly 
cireumnutates, and 28 it consists of a single internode, 
we may conclude that it grows in the manner de- 
seribed by Wiesner. It may be added, that the crown 
of the arch does not grow, or grows very slowly, for 
it does not increase much in breadth, whilst the arch 
itself increases greatly in. height. 

The circumnutating movements of arched hypo- 
cotyls and epicotyls can hardly fail to aid them in 
breaking through the ground, if this be damp and 
soft; though no doubt their emergence depends 
mainly on the force exerted by their longitudinal 
growth. Although the arch circumnutates only to a 
slight extent and probably with little force, yet it is 
able to move the soil near the surface, though it may 
not be able to do so ut a moderate depth, A pot with 
seeds of Solanum palinacanthum, the tall arched hypo- 
cotyls of which had emerged and were growing rather 
slowly, was covered with fine argillacoons sand kept 
damp, and this at first closely surrounded the bases of 
the arches; but soon a narrow open crack was formed 
round each of them, which could be accounted for 
only by their having pushed away the sand on all 
sides; for no such cracks surrounded some little sticks 
and pins which had been driven into the sand. It 
hus already been stated that the cotyledons of Phalaris 
and Avena, the plumules of Asparagus and the hypo- 
cotyls of Brassica, were likewise able to displace the 
same kind of sand, either whilst simply cireumnu- 
tating or whilst bending towards a lateral light, 

As long ax an arched hypocotyl or epicotyl remains 
‘buried bencath the ground, the two legs cannot sepa 
rate from one another, except to a slight extent from 
the yielding of the soil; but as soon as the arch 
rises above the ground, or at an earlier period if 





the pressure of the surrounding earth be artificially 
removed, the arch immediately begins to straighten 
itself, This no doubt is due to growth along the 
whole inner surface of both legs of the arch; such 


are tied together at their basos, the growth on the 
under side of the crown canses it after a time to 


dified form of circumnutation, for the lines described 
during this process (as with the hypocotyl of Brassica, 
and the epicotyls of Vicia and Corylus) were often 
plainly zigzag and sometimes looped. After hypo- 
cotyls or epicotyls have emerged from the ground, 
quickly become perfectly straight. No trace is 
left of their former abrupt curvature, excepting in the 
case of Allium cepa, in which the cotyledon rarely 
becomes quite stright, owing to the protuberance 


é 


developed on the crown of the arch. RAOCLIFFR 


‘Phe increased growth along the inner surface of the 
arch which renders it straight, apparently begins in 
the basal log or that which is united to the mdicle; 
for this leg, a8 we often observed, is first bowed back- 
wards from the other leg. This movement facilitates 
the withdrawal of the tip of the epicotyl or of the 
‘cotyledons, as the caso may bo, from within the seed- 
coats and from the ground, But the cotyledons often 
emerge from the ground still tightly enclosed within 
the seed-coats, which apparently serve to protect them. 
‘The seed-coats are afterwards ruptured and cast off by 
the awelling of the closely conjoined cotyledons, and not 


hyany movement or their separation from one another. 
Nevertheless, in some few vases, especially with the 


Me 
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Cucurbitacew, the seed-coats are ruptured by a curious 
contrivance, described by M. Flahault.* A heel or 
pog is developed on one side of the summit of the 
radicle or base of the hypocotyl; and this holds down 
the lower half of the seed-conts (the mdicle being 
fixed into the ground) whilst the continued growth of 
Feit the arched hypocotyl forces up- 

e: wards the upper half, and tears 
asunder the seed-eonts at one end, 
and the cotyledons are then easily 
withdrawn, ‘The accompanying 
figure (Fig. 62) will render this 
deseription intelligible. Forty: 
one seeds of Cucurbita ovifera 
were laid on friable peat and were 
covered by a layer about an inch 
in thickness, not much preased 
down, 80 that the cotyledons in 

being deagyed up were subjected 
to very little friction, yet forty of 

them came up naked, the seed- 

Tow ie coata being left buried in the peat. 
eal ce peg. reclosing ‘This was certainly duoto the action 
of sacle und Leling of the peg, for when it was pre 


see with fase been Yonted from acting, the cotyledons, 


sood-coats. They were, however, 
cast off in the course of two or thre days by the 
swelling of the cotyledons, Until this occurs light is 
excluded, and the cotyledons cannot decompose car- 
bonie acid; but no one probably would haye thought 
that the advantage thus gained by a little earlier cast- 


Cucurtite 
nating | 





* “Dall, Soe, Bot, de Francs,’ tom. xxiv. 1877, p. 202, 
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fu rearleaaaage would be sufficient to account 
the development of the Yet, according to 
aietele seedlings wbisethare been prevented 
from casting their seed-coats whilst benoetl the 
ground, are inferior to those which have emerged with 
their cotyledons naked and ready to act, 
The peg is developed with extraordinary rpidity ; 
could only just be distinguished in two seed- 
iealireiy tattclon 0 inch fe length, but after an 
interval of only 24 houra was well developed in 
formed, according to Flahault, by the 


lth 
ft 
ad 
a 
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hypocotyl, indeed in one out of 33 im- 
mersed ieee in which a large part of the upper sure 
fice was coloured brown. Secondary roots sometimes 
spring from the lower surface of the peg, which thus 
seems in all respects to partake of the nature of the 
tadiele. The peg is always developed on the side whieh 
becomes concave by the arching of the hypocotyl; 
and it would be of no service if it were formed on any 
other side. It is also always developed with the flat 
lower side, which, as just stated, forms a part of the 
nudicle, at right angles to it, and in a horizontal plane. 


‘Thix uct was clenrly shown by burying some of the 
thin flat seeds in the same position as in Fig. 62, 
that they were not laid on their flat broad 
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same position, relatively to the radicle, as in the 
figure; consequently it did not rest on the flat tip 
of the lower half of the seed-coats, but was inserted 
like a wedge between the two tips. As the arched 
hypocotyl grew upwards it tended to draw up the 
whole seed, and the peg necessarily rubbed against 
both tips, but did not hold cither down, The result 
was, that the cotyledons of five out of the nine seeds 
thus placed were raised above the ground still enclosed 
within their seed-coats. Four seeds were buried with 
the end from which the radicle protrades pointing 
vertically downwards, and owing to the peg being 
always developed in the same position, ite apex alone 
came into contact with, and rubbed against the tip on 
one side; the result was, that the cotyledons of all 
four emerged still within their seed-coats. These cases 
show us how the peg acta in co-onlination with the 
position whieh the flat, thin, broad seeds would almest. 
al occupy when naturally sown, When the tip 
of the lower half of the seed-couts was cut off, Flabanlt 
found (as we did likewise) that the pog could not act, 
since it had nothing to press on, and the cotyledons 
were mised above the ground with their seed-coats not 
east off. Lastly, nature shows us the use of the peg; 
for in the one Cucurbitaceous genus known to os, in 
which the cotyledons are hypogean and do not cast 
their seed-coats, namely, Megarrhiza, there is no 
vestige of a peg. ‘This structure soems to be present 
in most of the other genera in the family, judging from 
Plahault's statements; we found it well-developed and 
properly acting in Trichosanthes anguina, in which we 
hardly expected to find it, as the cotyledons are some- 
what thick and fleshy. Fow cases can be advanced 
of a structure better adapted for a special purpose 
than the present one. 
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With Mimosa pudica the radicle protrudes from a 
small hole in the sharp edge of the seed; and on its 
summit, where united with the hypocotyl, a transverse 
Tidge is developed at an early age, which clearly aids 
in splitting the tough seed-coats; but it does not aid 
in casting them off, ux this ix subsequently effected by 
the swelling of the cotyledons after they haye been 
mised above the ground, he ridge or heel therefore 
acts rather differently from that of Cucurbita, Its 
lower surface and the edges were coloured brown by: 
the permanganate of potassium, bunt not the upper 


it is developed into a frill all round the summit of the 
madicle,* 

At the base of the enlarged hypocotyl of Abronia 
windellata, where it blends into the radicle, there is a 


Tine is too angular in our former figure (Fig. 61). The 
madicle first protrudes from 4 small hole at one end of 
the tough, leathery, winged fruit, At this period the 


doubled back parallel to the latter. The swelling of 
these three parts, and especially the rapid development 
of the thick heel between the hypocotyl and radicle 
at the point where they are doubled, ruptures the 
tough fruit at the upper end and allows the arched 
Seager and this seems to be the function 

the heel. A seed was ent ont of the fit and 





* Our attention wos oulled to “atthe junction of tha maisle and 
‘this case by a brief went by —hypoedtyl. This sood 
‘Nobbe in’ his ¢ ch dee wary hand and ‘tong eta, vai 
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allowed to germinate in damp air, and now a thin 
flat dise was developed all round the base of the 
hypocotyl and grew to an extraordinary breadth, like 
the frill described under Mimosa, but somewhat broader, 
Flahoult says that with Mirabilis, a member of tho 
same family with Abronia, a heel or collar is developed 
all round the base of the hypocotyl, but more on one 
side than on the other; and that it frees the eoty- 
ledons from their seed-eoata. We observed only old 
seeds, and these were ruptured by the absorption of 
moisture, independently of any aid from the heel and 
hefore the protrusion of the radicle; but it does not 
follow from our experience that fresh and tough fruits 
would behave in a like manner, 


In concluding this section of the present chapter it 
may be convenient to summarise, ander the form of an 
illustration, the usual movements of the hypocotyls 
and epicotyls of seedlings, whilst breaking through the 
ground and immediately afterwards. We may suppose 
aman to be thrown down on his hands and knees, and 
at the sume time to one side, by « load of huy falling 
on him. He would first endeavour to get his arched 
back upright, wriggling at the samo time im all 
directions to free himself a little from the surrounding 
pressure; and this may represent the combined effects 
of spogeotropism and circumnutation, when a seed is so 
buried that the arched hypocotyl! or epicoty] protrades 
at first in a horizontal or inclined plane. The man, 
still wriggling, would then raise his arched bavk as 
high as he could; and this may represent the growth 
and continued cireumnutation of an arched hypocotyl 
or epicotyl, before it has reached the surface of the 
ground, As soon as the man felt himself at all free, he 
would raise the upper part of his body, whilst still on 
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2 Ao Storage and this may represent 
‘the bowing backwards of the basal leg of the arch, 
which in most cases aids in the withdrawal of the 
sleet ihe ate ine hype 
~aesrontnva straightening of the whole hypo 
epicoty|—circumnutation still continui 
of Hypocotyls and Epicotyls, when 
ort epicotyls, and first shoot of the 
observed by us, after they had become 
Neil eipsedieserhycirocrarctcted ennimaceslys The 
diversified figures described by them, often during two 
successive days, have been shown in the woodcuts in 
‘the last chapter. It should be recollected that the 
dots were joined by straight lines, so that the figures 
are angular; but if the observations had been made 
every few minutes the lines would have been more 
or less curvilincar, and irregular ellipses or ovals, or 
perhaps occasionally circlos, would have boon formed, 
‘The direction of the longor axes of the ellipses made 
during the same day or on successive days generally 
completely, so as to stand at right angles to 
one another, ‘Che number of irregular cllipscs or 
circles made within a given time differs much with 
ies. Thus with Brassica oleracea, Cerinthe 
Cucurbita ovifera about four such figures 
os seconpaperta whereas with Solanwm palina~ 
conthum and Opuntia basilaris, scarcely more than one, 
‘The figures likewise differ greatly in size; thus they 
‘were very small and in some degree doubtful in Stapelia, 
‘and largo in Brassica, dc. The ellipses described by 
nissolia and Brassiea were narrow, whilst 
(sacle haber aoeng ‘The figures are 
complicated by small loops and zigzag lines, 
“a rig ts before the development 
eaves are of low, sometimes very low stature, 
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the extreme amount of movement from side to side 
of their circumnutating stems was small; that of 
the hypocotyl of Githago segetum was about *2 of an 
inch, and that of Cucurdita ovifera about 28. A 
very young shoot of Lathyrus nissolia moved about 
“14, that of an American oak ‘2, that of the common. 
nut only 04, and a rather tall shoot of the Asparagus 
“Ll of an inch. The extreme amount of movement 
of the sheath-like cotyledon of Phalaris Canariensis 
was ‘3 of an inch; but it did not move very quickly, 
the tip crossing on one occasion five divisions of the 
micrometer, that is, ygth of an inch, in 22m. 58. A 
seedling Nolana prostrata travelled the same distance 
in 10m. 88s. Seedling cabbages circumutated much. 
more quickly, for the tip of a cotyledon crossed 
rhoth of an inch on the micrometer in 8m. 20%; and 
this rapid movement, accompanied by incessant oscil 
lations, was a wonderfal spectacle when beheld under 
the mi 

The absence of light, for at least a day, does not 
interfore in the least with the circumnutation of the 
hypocotyls, opicotyls, or young shoots of the various 
dicotyledonous seedlings observed by us; nor with that 
of the young shoots of some monocotyledons. ‘The 
circumnutation was indecd much plaincr in darkness 
than in light, for if the light was at all lateral the 
stem bent towards it in a more or less zigzag course. 

Finally, the hypocotyls of many seedlings are drawn 
during the winter into the ground, or even beneath it 


apparentl; i 
boon fully described by De Vries.* He shows that 


ss Faitong,” : fabirg. xvi. u juoted 
bec ce winke ia ved oa haere ‘sthatasdarene 
des Bot Veroins der P. Irenden~ rartanpeney 1877, pe SR 
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‘it is effected by the contraction of the parenchyma- 
cells of the root. But the hypocotyl itself in some 
‘eases contracts greatly, and although at first smooth 
becomes covered with zigzag ridges, as we observed 
with Githago wgetum. How much of the drawing 
down and burying of the hypocotyl of Opuntia basileria 
‘was due to the contraction of this part and how much 
to that of the radiclo, we did not observe, 
Gircumnutation of Cotyledons.— With all the dico- 
tyledonous seedlings described in the last chapter, the 
cotyledons were in constant movement, chiefly in a ver- 
tical plane, and commonly once up and once down in 
the course of the 2¢ hours. But there were many exeep- 
tions to such simplicity of movement; thus the cotyle= 
dons of Ipomma cwrulea moved 13 times either upwards 
or downwards in the course of 16h. 18m. Those of 
Ozalis rosea moved in the same manner 7 times in the 
course of 24 h.; and those of Cassia tora described 5 
irregular ellipses in 9h, The cotyledons of some 
individuals of Mimosa pudica and of Lotus Jacobeus 
moved only once up and down in 24 h., whilst those of 
others performed within the sume period an additional 
small oscillation. Thus with different species, and 
with different individuals of the same species, there 
were many gradations from a single diurnal move~ 
ment to oscillations as complex as those of the 
Tpomca and Cassia. The opposite cotyledons on the 
samo seedling move to « certain extent independently 
of one another. ‘This was conspicuous with those of 
Oxalis sensitive, in which one cotyledon might be 
seen during the daytime rising up until it stood 
vertically, whilst the opposite one was sinking down. 
the movements of cotyledons were gene= 
tally im nearly the same vertical plane, yet their 
tpward and downward courses never exactly coin- 





Mi 
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cided; 80 that ellipses, more or less narrow, were 
described, and the cotyledons may safely be said to 
have cireumnutated. Nor eould this fact be accounted 
for by the mere increase in length of the cotyledons 
through growth, for this by itself would not induce 
any lateral movement. That there was lateral move- 
ment in some instances, aa with the cotyledons of the 
cabbage, was evident; for these, besides moving up 
and down, changed their course from right to left 12 
times in 14h. 15m. With Solanwm lycoperrioum the 
cotyledons, after falling in the forenoon, zigzagged 
from side to side between 12 and 4 P.M. and then 
commenced rising. The cotyledons of Lupinus lutews 
are so thick (about 08 of an inch) and fleshy," that 
they seemed little likely to move, and were there- 
fore observed with especial interest; they certainly 
moved largely up and down, and as the line traced was 
zigzag there was some lateral movement. The nine 
cotyledons of a seedling Pinus pinaster plainly cireum- 
nutated ; and the figures described approached more 
nearly to irregular circles than to irregular ovals or 
ellipses, The sheath-like cotyledons of the Gra- 
mines cireumnutate, that is, move to all sides, ax 
plainly as do the hypocotyls ar epicotyls of any dico- 
tyledonons plants, Lastly, the very young fronds of 
o Fern and of a Selaginella cireumnutated. 

In « large majority of the cases which were care- 
fully observed, the cotyledons sink a little downwards 
in the forenoon, and rise a little in the afternoon or 
evening. ‘They thus stand rather more highly inclined 
daring the night than during the mid-day, a at which 


* Thecotylelons, though bright of ht p95), on the grailations 
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night as to stand nearly or quite vertically; and in 
this latter case they come into close contact with one 
another, On the other hand, the cotyledons of a 
few plants sink almost or quite vertically down at 
night; and in this latter case they clasp the upper 
part of the hypocotyl. In the same genus Oxalis the 
cotyledons of certain species stand vertically up, and 
those of other species vertically down, at night. In 
all such cases the cotyledons may be said to sleep, 
for they act in the same manner as do the leaves of 
many sleeping plants. This is a movement for a 
purpose, and will therefore be considered in a 

future chapter devoted to this subject. 
Tn order to gain some rude notion of the proportional 
number of cases in which the cotyledons of dico- 
tyledonons plants (hypogean ones being of course 


olserved by us, he cotyledons were looked at in 
the middle of the day and again at night; and those 
were noted as sleeping which stood either vertically 


them the cotyledons of some of the species rose, and 
in only 6 sank at night; and some of these latter 
cases are rather doubtful from causes to be explained 
in the chupter on the sleep of cotyledons. When 
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cotyledons which at noon were nearly horizontal, stood. 
at night at moro than 20° and less than 60° above the 
horizon, they were recorded as “ plainly raised ;" and 
of such genera there were $8. We did not meet with 
any distinct instances of cotyledons periodically sink- 
ing only a few degrees at night, although no doubt 
such occur, We have now accounted for 64 genera 
out of the 153, and there remain in which the 
cotyledons did not change their position at night by 
as much as 20°—that is, in a conspicuous manner 
which could easily be detected by the unaided eye and 
by memory; but it must not be inferred from this 
statement that these cotyledons did not move at all, 
for in several cases a tise of a few degrees was re 
corded, when they were carefully observed. The 
number $9 might have been a little increased, for the 
cotyledons remained almost horizontal at night in 
some species in a few genera, for instance, Trifo- 
lium and Geranium, which are included amongst the 
sleepers, such genera might therefore have been added 
to the 89. Again, one species of Oxalis generally 
mised its cotyledons at night mors than 20° and lees 
than 60° above the horizon; so that this genus might 
lave been included under two heads. But as several 
species in the same genus were not often observed, 
such double entries have been avoided, 

In « fature chapter it will be shown that the leaves 
of many plants which do not sleep, rise a few degrees in 
the evening and during the early part of the night; 
and it will be convenient to defer until then the 
consideration of the periodicity of the movements of 
cotyledons. 

On the Pulvini or Joints of Cotyledons.—With several 
of the seedlings described in this and the last chapter, 
the summit of the petiole is developed into a pulvinus, 
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aint (as this organ has been variously 
with which many leaves are 
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without such aid, is reduced to the expansion of the 
cells not being followed by growth in the first case, 
and being ao followed in the second case. 

Dots were made with Indian ink along the midrib 
of both pulvinated cotyledons of a rather old seedling 
of Ozalis Valdiviana; their distances were repeatedly 
measured with an eye-piece micrometer during 8$ days, 
and they did not exhibit the least trace of increase. 
Te is therefore almost certain that the pulvinus itself 
was not then growing. Nevertheless, during this 
whole time and for ten days afterwards, these coty- 
ledons rose vertically every night. In tho ease of 
some soodlings raised from seeds purchased under the 
name of Oxalis floribunda, the cotyledons continued 
for a Jong time to move vertically down at night, and 
the movement apparently depended exclusively on 
the pulvini, for their petioles were of nearly the same 
length in young, and in old seedlings which had pro- 
duced true leaves. With some species of Cassia, on 
the other hand, it was obvions without any measure- 
ment that the pulvinated cotyledons continued to 
increase greatly in length during some weeks; so that 
here the expansion of the cells of the pulvini and the 
growth of the petiole were probably combined in 
eausing their prolonged periodic movements. Tt was 
equally evident that the cotyledons of many plants, 
not provided with pulvini, increased rapidly in length ; 
and their periodic movements no doubt were exclu- 
sively due to growth, 

In accordance with the view that the periodic 
movements of all cotyledons depend primarily on the 
expansion of the cells, whether or not followed by 
growth, we can understand the fact that there is but 
little difference im the kind or form of movement 
in the two sets of cases This may be seen by com- 
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paring the diagrams given in the last chapter. Thus 
the movements of the cotyledons of Brassica oleracea 
and of Ipomea cwrulea, which are not provided with 
pulvini, are as complex as those of Oxalis and Cassia 
which are thus provided. The pulvinated cotyledons 
of eome individuals of Mimosa pudisa and Lotus 
Jacobwus male only a single oscillation, whilst those 
of other individuals moved twice up and down in the 
course of 24 hours; so it was occasionally with the 
of Cuourbita ovifera, which are destitute of 
a pulyinus, The movements of pulvinated cotyledons 
aro generally larger in extent than those without a 
pulvinus; net less some of the latter moved 
through an angle of 90°. There is, however, one 
important difference in the two sets of cases; the 
nocturmal movements of cotyledons without pulvini, 
for instance, those in the Cruciferw, Cucurbitacem, 
Githago, and Beta, never last even for a week, to any 
ae degree. Palvinated cotyledons, on the 
other hand, continue to rise at night for a much 
Tonger period, even for more than a month, as we 
shall now show. But the period no doubt depends 
largely on the temperature to which the seedlings are 
exposed and their consequent rate of development. 


Oralis Valdiviana.—Some cotyledons which had lately openel 
‘and were horizontal on March 6th at noon, stood at night ver- 
‘tically np; on the 13th the first true leaf was formed, and was 
embraced at night by the cotyledons; on April 9th, after an in- 
terval of 35 days, six leavos woro dovelopod, and yet the coty- 
Jedons rose almost vertically at night. The cotyledons of 
‘another soodling, which whon first obsorvod had alroady pro- 
eee ee 
‘LL additional days. After 16 days from the first observation 
two feavos wore davolopod, and the cotyledons were still greatly 
tained at Heke peter Peg eyeckbayepereet Seana 
were deflected the horizon, but at night were raised 45° 


ic : 
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above it After 24 day from the first observation (bagan after 
a true leaf had boon dovoloped) the cotyledons coased to rire at 


night. 

Oralis (Binphytum) sensitiva.—The cotyledons of several seed 
linga, 45 days after their first expansion, stood noarly vertical at 
night, and closely embraced either one or two true leaves which 
hy this time had been formed, ‘Chase seedlings had been kept 
ina very warm house, and their duvelopment had been mpid. 

Ozalis corntculato.—The cotyledons do not stand vertical at 
night, bt genorally rise to an angle of abont 45° above the 
horizon. Thay continued thus to act for 25 days after their 
first expansion, by which time two leaves had been formed ; 
even after 29 days they #till rose moderately above their hori- 
zontal or downwanily deflected diurnal position. 

Mimcaa pudies.—Tho cotyledons were expanded for the first 
time on Nov, 2nd, and stood vertical at night. On the 15th the 
first lonf wns formod, and at night the cotyledons were vertionl, 
On the 28th they behaved in tho same manner. On Deo. 15th, 
that is after 44 days, the cotyledons wore still considerably 
raised at night; but those of another eesdling, only ono day 
older, wore raised very little, 

Mimosa aididi—A scedling was obserred during only 12 days, 
by which time a leaf had been formed, and the cotyledons were 
then quite vertical at night. 

Trifolium auiterrannan—A sealing, 8 days old, had its coty= 
tedons horizontal at 10.30 43c.and vertical nt 9.157. After an 
interval of two mouths, by which thne the first and second trae 
leaves hhnd keen dewoloped, the cotyledons still performed the 
same movement. They had now incrested greatly in mize, and 
led become oval; and their petioles wore actually 8 of an inch 
in length! 

‘Trifeliom strictum.—Aftor 17 days the cotyledons still rove at 
night, bat were not afterwards observed, 

Lotus Jacotons—The cotyledons of some seedlings having 
well-developed Joaves reso to an angle of about 45° at night; 
and even after 3 or 4 whorls of leeves had Leen formed, the co- 
tyledons rose at night considerably above their diurnal hor 
zontal position. 

Cassia svimosbides—The cotyledons of this Indian species, 
‘14 days after their first expansion, and when a leaf had been 
formod, wtood daring the day horizontal, aud at night vertical 

Cassia ap? (a large 3. Brazilian tree raived from sods sent us 


‘Cxar, TL PULVINI OF COTYLEDONS. uz 


ee ae ear ee Le ee eet 
expansion, bad in size with two leaves just 
formed. sg Se pete area eg 
at night, but were not afterwards olsarved. 


and 4 ee with 8 woll-developed leaves; and the 
pee uk uring the day were nexrly horizontal, ial sbaiehe 

‘stood vertical, closely embracing the young stem, The cotylo- 
‘dona of another scodling of the same ago, 5 inches in height, 
‘with 4 well-developed leaves, behaved at night in exactly the 
mune inanner, 


It is known * that there is no difference in structure 
between the upper and lower halves of the pulvini of 
leaves, sufficient to account for their upward or down- 
ward movements, Tn this respect cotyledons offer an 
unusally good opportunity for comparing the structure 
of the two halves; for the cotyledons of Uealis Valdi- 
iana rise vertically at night, whilst those of O, rosea 
sink vertically ; yet when sections of their pulvini ware 
maile, no clear difference could be detected between the 

ding halves of this organ in the two species 

which move so differently. With O. rosea, however, 

there were rather more cells in the lower than in the 

half, but this was likewise the case in one speci- 

men of 0. Valdiviana, The cotyledons uf both species 

(84 mm. in length) were examined in the moming 

whilst extended horizontally, and the upper surface of 

the pulvinus of O. rosea was then wrinkled transversely, 

that it was in a state of compression, and this 

‘might have been expected as the cotyledons sink at 

night; with ©. Valdiviana it was the lower surface 
which was wrinkled, and its cotyledons rise at night. 

 ‘Prifolium is a natural genus, and the leaves of all 


——® Pfeffer, Die Period, Bewognngen,’ 1875, p, 157, 
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the species seen by us are pulyinated; so it is with 
the cotyledons of 7. subterraneum and sfrictum, which 
stand vertically at night; whereas those of 7. resupi- 
natum exhibit not a trace of a pulvinus, nor of any 
nocturnal movement. This was ascertained by mea- 
suring the distance between the tips of the cotyledons 
of four seedlings mt mid-day and at night. In this 
species, however, as in the others, the first-formed leaf, 
which is simple or not trifoliate, rises up and sleeps 
like the terminal leaflet on a mature plant, 

In another natural genus, Oxalis, the cotyledons of 
0. Valdiviana, rosea, floribunda, articulate, and sensitive 
are pulvinated, and all move at night into an upward 
or downward vertical position. In these several species 
the pulvinus is seated close to the blade of the coty- 
Jedon, as is the asual role with most plants. Ovalis cor 
wioulata (var. Atro-purpures) differs in several respects; 
the cotyledons rise at night to a very variable amount, 
rarely more than 45°; and in one lot of seedlings 
(purchased under the name of 0. tropmoloides, but 
certainly belonging to the above variety) they rose 
only from 5° to 15° above the horizon, The pulvinus 
is developed imperfectly and to an extremely variable 
degree, so that apparently it is tending towards abor- 
tion. No such case has hitherto, we believe, ben 
described. It is coloured green from its cells con- 
taining chlorophyll; and it is seated nearly in the 
tniddle of the petiole, instead of at the upper end as 
in all the other species, The nocturnal movement is 
effected partly by its aid, and partly by the growth of 
the upper part of the potiole as in the case of plants 
destitute of a pulvinus, From these several reasons 
nd from our having partially traced the develop- 
ment of the pulvinus from an early age, the case 
soems worth describing in some detail. 
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Fig. 64. 


ae A and B the almost radiment trini of the coty> 
a Ee eer ty wl opr is 


Ds act coon cyenrdntoms 


longer 
«Rn ate ind oe een tin 
although it does not extend across the whole width of the 
“ and although the cells aro of a green colour from contain- 
r iM, yet they certainly constitute a pulyinus, which, 
‘goo, acta ns one. These small celle were 
in ‘inal xowa, and varied from 4to7 in number; 
the cells themeelyes varied in length in different parts of the 
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Bim Race Aina be PU nS ere vipee ob eile 
in the middlo part of the potioles of two soedlings, in which the 
pulvinus was for this species wall dovoloped, They offer a 


Fig. 68), 0 of 0. Valdiviana, With tho soodtings, falsely called 
0, tropeoloides, the cotyledons of which viso very little at night, 
the small cells were still fewer in number and in parts formed 
& xinglé traneverso row, and in other parts short longitudinal 
rows of only two or threo. Neverthcloun they sufficed to attmet 
tho aye, when the whole petiole was viewod as 
object beneath the microscope, In these seedlings there could 
hardly be a doubt that the pulvinus was becoming rudimentary 
and tending to disappear; nod this uccouuts for its great 
‘variability in strocturo and fonction. 

In the following ‘Tublo somo measurements of the colle in 
fairly well-developed pulvini of O. cornicudule are given — 


Seedling 4 day old, with cotyledon 23 wun, in lengthy 


Tength of callsof palvinus «. 
Legit of nguet sal alee tee pulvtnte | 
‘Langth of longest cell above tho pulvinus .- 


Sey 8 la th he ai 
cere leash etna ee os 


Fences call below the pulvinas | 
tf longest cell above the pulviuvs 














nti poet with os trie Heap 
= ae etal ata . “3 
Pape par er a area m1 


Seeding U8 days old, cutyledve 4° emon. in Cowpthy with a wrvall 

true beaf faily dovekipenk, 

ieee ipa lie pa oan 
Leagtls of lougest cell above the pulvinus 


* Longitmilinal sections show  palvinus, 
Sak ta Seno of Wik opidieer Hach alvtalon equalled 008 
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prt tapelagpeapecoberenprireroyerar 
in comparison with those of the 


‘patio pth boro anal below ity but they continue to 


i the 
ages, it was evident that the chief seat of growth of the petiole 
‘was in the upper part between tho pulvinus and tho blade; 
and this agroes with tho fact (shown in the measarementaabove 
that the cells grow to a greater length in the uppor than 
Sapekia With # seedling 11 days old, the nocturnal 
“ite was found to depend largely on the action of the pulvinus, 
for the petiole at night was curved upwards at this point; and 
‘the day, whilst the petiole waa horizontal, the lowor 
surface of the pulvinus was wrinkled with the upper surface 
tense. SEY brighten Seat oog 
toa higher inclination than whilat young, yot thoy have 
instance amounting to 


4 : ng 
the pulvinus, for the blade where joined to the petiole was 
upwards, and this must be attributed tounequal growth, 


periodic morements of the cotyledaus of U. corné 
mo distinct int oonjoict actions, namely, the 


‘the 
depend on 
r ee eae 





Tongth of 021 mm.; whereas the cells in the lower part of the 
petiole are about 06 mm., and those in the blade from 04 to 
“OL mm, in length. The epidermic cells in the lower partof the 
petiole project conically, and thus differ in lupe from those 
‘over the pulvinus, 

‘Turning now to vory young scodlings, the cotyledons of which 


downwards, the largest being 090 mm. in length. At this early 
the cells of the blade are about -027 mm, in length. We 
‘so that the pulvinus ix formed by the cells in the upper= 

the petiole, continuing for only a abort time to 
increase in length, then being arrested in their growth, aecom- 
of their chlorophyll grains; whilst the cells 


We learn from these two cases of Lotus and Oxalis, 
‘that the development of a pulvinus follows from the 
growth of the cells over a small defined apace of the 


length; in Ozalis corniculata they decrease a little, 

to self-division. A mass of such small cells 
forming a pulvinus, might therefore be either acquired 
or Jost without any special difficulty, by different 
‘species in the same natural genus; and we know that 
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with seedlings of Trifolium, Lotus, and Oxalis some of 
the species have a well-developed pulvinus, and others 
Haye none, or one in a rudimentary condition. As the 
movements caused by the alternate turgescence of 
the cells in the two halves of a pulvyinus, must be 
largely determined by the extensibility and subse 
quent contraction of their walls, we can perhaps under- 
stand why a large number of small cells will be more 
efficient than a small number of large colls occupying 
the same space, As a pulvinns ix formed by the 
azrestment of the orb ite cells, movements de= 
it on their action may be long-continued without 
r increase in length of the part thus provided; 
and such long-continued moyements soom to be ono 
chief end gained by the development of a pulvinus. 
Long-vontinued movement would be impossible in any 
‘without an inordinate increase in its length, if the 
| ese the cells was always followed by growth, 
_ Disturbance of the Periodie Movements of Colyladons by 
Light—The hypocotyls and cotyledons of most, seed 
Spd are, as is well known, extremely heliotropic ; 
Soin besides being heliotropic, are affected 
cally (to use Sachs’ expression) by light; that 
; their daily periodic movements are greatly ond 
quickly dintarbed by changes in its intensity or by 
its absence, It is not that they cease to circumnutate 
in darkness, for in all the many cases observed by us 
they continued to do 90; but the normal order of 
‘their movements in relation to the alternations of day 
and night is much disturbed or quite annulled, This 
holds good with species the cotyledons of which rise 
or sink so much at night that they may bo said to 
, as well as with others which rise only a little. 
different species are affected in very different 
by changes in the light, 
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For instance, the cotyledons of Bela vuljaris, Solanum iycoper> 
ricum, Gerinthe major, and Lupinus tuteus, when placed in darke 
ness, moved down during tho afternoon and carly night, {nstendl 
of rising an they would have done if thoy had been exposed to 
the light, All the individuals of the Solanum did not behave 
in tho same manner, for the cotyledons of one cireumnutated 
abont the ame spot between 230 and 10 rt. The cotyledons 
of a seedling of Oxalis cornicutats, which was fecbly illuminated 


‘normal manner, but on the second morning It moved upwards 
‘The cotyledons of Lotux Jacobeus were not affected by 4h. of 

complete darkness, but when placed under n double akylight 
and thus fecbly illuminated, they quite lost their periodical 
movements on the third morning. On the other hand, the 
cotyledons of Cucurbita ovifero moved in the normal manner 
during a whole day in darkness, 

Seedling of Githago segetun wero focbly illuminated trom 
above in themorning beforo their cotylodons had expanded, and 
‘they remained closed for the next40h. Other seedlings were 
Placed in the dark after their cotyledons hnd opened in the 
‘Morning and these did not begin to closo until abont 4h, bad 
elapsed, ‘The cotyledons of Oxalis rosca sank vertically down- 
wands after being left for 1h. 20m, in darkness; bat those of 


‘thoy aro exposed: thus ecedlings of an unnamed S Braxilian 
species (a large and beautiful tree) were brought out of the hot- 
honse and placed on a tatilo in the middlo of a room with two 
‘north-east and one north-west window, so that thoy wore fhirty 
‘woll illuminated, though of course less 40 than in the hot-homso, 
the day being medemtoly bright; sas se 38: ta sot ato 
which had been horizontal rose up vertically and cloved together 
‘as when asleep ; after thus remaining on the table for 1b. 18m. 


room just diseribed, had their cotyledons horizontal One pot 
Tear taped 80125 Gal elena asd MDOT 


| 


==: ‘the cotylolons had fallen 89°. ‘Thee bwo 


Jedons in the one pot were rising, whilst those in the other 


similar experiment i 
Ay a dull light, but differont in degree, and 
mh thesume. ‘The movements of the cotyledons of this 


day bright 

‘moderately dull light raised, as we have seen, their 
high abowe the horizon, 

i Cotyledone to contoct—Thie subject doos nob 


‘was tappod in a like manner for 1m. wud it 
in abd afer ight aoa man ha im 
i9ppanite cotyledon, which was not tapped, hardly: 

. ‘The cotyledons in all theee easee became hori=" 

n inless than half an hour. The pulvinus is the most. 

srt, for on slightly pricking thres cotyledons with » 
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pin in this part, they ross up vertically ; ‘but the bade-was found 
bo 


nedoos, bat theee latter are mithor thick and floshy, and donot 


Tite at night or go to aloep, 
Smitha sensitiva.—This plant belongs toa distinct snb-order of 


for 1m. with » fine twig, and in Sm. cach rose 32°; they 


‘TO CONTACT. 


WT 

- germxined in this position for 15m,, but when looked at again 

40m. after the rubbing, each had fallon 14°, Both cotyledons of 

gpother and younger seedling were lightly rubbed in the same 

m., and after an interval of 32m. each had risen 

20°. They were hardly at all sensitive to @ fino jot of water. 

“Tho cotyledons of 8, /Yundié, an African water plant, are thick 
‘and fleshy ; they ure not sensitive and do not go to sloop. 

Mimosa pudica and albida.—The blades of several cotyledons 


time when they were irritated, ‘The cotyledons of Uaatix 
yiana and rosea were rubbed and did not exhibit any 


3 80), Jen cvigtaons dB 
Kear hae ‘opériouree lamsquan 
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the habit of cotyledons rising vertically at night or 
going to sleep, and their sensitiveness, especially that 
of their pulvini, to a touch ; for all the above-named 
plants sleep at night. On the other hand, there are 
many plants the cotyledons of which sleep, and aro 
not in the least sensitive. As the cotyledons of 
several species of Cassia are easily affected both by 
slightly diminished light and by contact, we thought 
that these two kinds of sensitiveness might be eon- 
nected; but this is not necessarily the case, for the 
cotyledons of Owalis sensitiva did not rise when kept 
on one cecasion for 14 h., and on a second oceasion 
for nearly +h, in a dark closet, Some other coty- 
ledons, as those of Githago segetum, are much affected 
by a feeble light, but do not move when scratched by 
a needle, That with the same plant there is some 
relation between the sensitiveness of its cotyledons 
and leaves seems highly probable, for the above de- 
seribed Smithia and Oxalis have been called sensifiva, 
owing to their leaves being sensitive; and though the 
leaves of the several species of Cassia are not sonsitive 
tw a touch, yet if a branch be shaken or syringed 
with water, they partially assume their nocturnal de- 
pendent position, But the relation between the sen- 
sitiveness to contact of the cotyledons and of the 
leaves of the same plant is not very close, as may be 
inforred from the cotyledons of Mimosa pudica being 
only slightly sensitive, whilst the leaves are well 
known to be so in the highest degree. Again, the 
leaves of Neptunia oleracea are very sensitive to a 
touch, whilst the cotyledons do not appear to be so in 


any degree, 
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CHAPTER IIT. 


Seourivexnss ov Tue Avec or Tux Rapictx To CowTacr axb 10 
conven Tnerranrs, 
Manner in which mudiclos bend when they encounter an obstacle in 
the mil—Vioin fabo, tips of zadiclos highly sensitive to contact 
end other Effcets of too high w temperature—Power of 
discriminating betwoon objects attached on opposite sides—Tips of 
secondary rudicles sensitive—Pisum, tips of mdicles seusitive— 
‘Bifects of such scnsitivenest in overcoming geotropism—Becondary 
ruilicles—Phascolus, tips of radicles handily sensitive to contuct, 
‘but highly snnsitive to caustic and to the ramaval of w slice—Tro- 
poolum—Gorespiam—Cucurbits—Raphanus—Ascul 
Eines ve ulghe oxi, highly wstive to ecunio” uever 
“ip highly sensitive to contuot—Power of discrimination—Zen, 
soutitive, socoudary rudiclea—Sonsitiveneas of radicles 
ab-—Summury of chapter. 
‘Iw order to see how the radicles of seedlings would 
‘pass over stones, roots, and other obstacles, which they 
must incessantly encounter in the soil, germinating 
beans (Vicia faba) were so placed that the tips of the 
radicles came into contact, almost rectangularly or 
at @ high angle, with underlying plates of glass. In 
‘other cases the beans were turned about whilst their 
tadicles were growing, so that they descended neurly 
yertically on their own smooth, almost flat, broad upper 
surfaces. The delicate root-cap, when it first touched 
any direetly opposing surface, was a little flattened 
transversely; the flattening soon became oblique, and 
ina few hours quite disappeared, the apex now point- 
ing at right angles, or st neurly right angles, to its 
former course. The radicle then seemed to glide in 
its new direction over the surface which had opposed 
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it, pressing on it with very little force. How far such 
abrupt changes in its former course are aided by the 
circumnutation of the tip must be left doubtful. Thin 
slips of wood were cemented on more or leas 
inclined glass-platea, at right angles to the radicles 
which were gliding down them. Straight lines had 
been painted along the growing terminal part of some 
of these radicles, before they met the opposing slip 
of wood; and the lines became sensibly curved in 2 h. 
after the apex had come into contact with the slips. 
Tn one case of a radicle, which was growing rather 
slowly, the root-cap, after encountering « rough slip 
‘of wood of right angles, was at first slightly flat 
tened transversely: after an interval of 2 h. 30m, 
the flattening became oblique; and after an aidi- 
tional 8 hours the flattening had wholly disappeared, 
and the apex now pointed at right angles to its former 
course. It then continued to grow in its new diree- 
tion alongside the slip of wood, until it came to the 
end of it, round which it bent rectangularly. Soon 
afterwards when coming to the edge of the vate 

glass, it was again bent at a large angle, and de 
Secited perpendicularly into the damp sand. 

When, a2 in the above cases, radicles encountered 
an obstacle at right angles to their course, the terminal 
growing part became curved for a length of between 
*S and ‘4 of an inch (8-10 mm.), measured from the 
apex. ‘This was well shown by the black lines which 
had been previously painted on them. The first and 
most obvious explanation of the curvature is, that it 
results merely from the mechanical resistance to the 
growth of the radicle in its original direction. Never- 
theless, this explanation did not seem to us satisfactory. 
‘The radieles did not present the appearance of haying 

been subjected to a sufficient pressure Ww wecoaut tor 
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their curvature; and Sachs has shown®* that the 
part is more rigid than the part immediately 
above which has ceased to grow, so that the latter 
might have been expected to yield and become curved 
88 soon 4s the apex encountered an unyielding object; 
whereas it was tho stiff growing part which became 
curved. Moreover, an object which yields with the 
greatest ease will deflect a radicle: thus, as we have 
seen, when the apex of the radicle of the bean 
éncountered the polished surface of extremely thin 
tin-foil laid on soft sand, no impression was loft on it, 
yet the mdicle bocamo deflected at right angles. A 
second explanation occurred to us, namely, that even 
the gentlest pressure might check the growth of the 
‘apex, and in this case growth could continue only on 
one side, and thus the radiele would assume a rectan- 
form; but this view leaves wholly unexplained 
curvature of the upper part, extending for a length 

of 8-10 mm. 

We were therefore led to suspect that the apex 
‘was sensitive to contact, and that an effect was trans- 
amitted from it to the upper part of the radicle, which 
was thus excited to bend away from the touching object, 
~As a little loop of fine thread hung on a tendril or 
‘on the petiolo of a leaf-climbing plant, canses it to 
bend, we thought that any small hard object affixed 
to the tip of a radicle, freely suspended and growing 
in damp air, might cause it to bend, if it were sensitive, 
and yet would not offer any mechanical resistance to 
its growth. Full dotails will be given of the experi- 
ments which were tried, as the result proved remark- 
able. The fact of the apex of a radicle being sensitive 
to contact has never been observed, though, as we shall 


* + Arbotton Bot, Inst. Wilrzburg,’ Holt til 1878, p. 898. 


K2 
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hereafter see, Sachs discovered that the radicle a little 
above the apex is sensitive, and bends like a tendril 
towards the touching object. But when one side of the 
apex is pressed by any object, the growing part bends 
away from the object; and this seems a beautiful 
adaptation for avoiding obstacles in the soil, and, as 
we shall see, for following the lines of least resistance, 
Many organs, when touched, bend in one fixed direc- 
tion, such as the stamens of Berberis, the lobes of 
Dionma, &c.; and many organs, such as tendrils, whe- 
ther modified leaves or flower-peduncles, and some few 
stems, bend towards a touching object; but no case, 
wo believe, is known of an organ bending away from 
a touching object. 


Sonsitiveness of the Apex of the Radicle of Vicia faba. 
—Common beans, after being soaked in water for 24h., 
were pinned with the hilum downwards (in the manner 
followod by Sachs), inside tho cork lida of glass-vyeesela, 
which were half filled with water; the sides and the 
cork were well moistened, and light was excluded. 
As soon as the beans had protruded radicles, some to a 
length of less than a tenth of an inch, and others to 
‘a length of several tenths, little aquares or oblonge of 
card were aflixed to the short sloping sides of their 
conical tips The squares therefore adhered obliquely 
with reference to the longitudinal axis of the nudicle; 
and this is a very necessary precaution, for if the bits 
of card accidentally became displaced, or were drawn 
by the viscid matter employed, so ux to adhere parallel 
to the side of the radiclo, although only a little way 
above the conical apex, the radicle did not bond in 
the peculiar manner which we are here considering. 
Squares of about the Jyth of an inch (i.e. about 14 mm.}, 
or oblong bits of nearly the same size, wore found to 
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‘be the most convenient and effective. We employed 
‘at first ordinary thin card, such as visiting cards, or 
bits of very thin glass, and various other objects; but 
afterwards sand-paper was chiefly employed, for it was 
almost as stiff as thin card, and the roughened surface 
favoured its adhesion, At first we generally used very 
thick gum-water; and this of course, under the cir 
cumstances, never dried in the least; on the contrary, 
it sometimes seemed to absorb vapour, 40 that the bits 
of card became separated by a layer of fluid from the 
tip. When there was no such absorption und the card 
was not displaced, it acted well and caused the radicle 
to bend to the opposite side. I should state that 
thick gum-water by itself induces no action. In most 
cases the bits of card were touched with an extremely 
small quantity of a solution of shellac in spirits of 
wine, which had been left to evaporate until it was 
thick; it then set hard in a few seconds, and fixed the 
bits of card well. When small drops of the shellac 
were placed on the tips without any card, they set into 
hard little beads, and theso acted like any other hard 
object, causing the radicles to bend to the opposite 
side. Even extremely minute beads of the shellac 
oceasionally acted in a slight degree, as will hereafter 
be described, But that it was the cards which chiefly 
seted in our many trials, was proved by coating one 
side of the tip with a little bit of goldbesters’ akin 
(which by itself hardly acis), and then fixing « bit of 
card to the skin with shellac which never came into 
contact with the radicle: nevertheless the radicle bent 
away from the attached card in the ordinary manner, 
Some trials were made, presently to 
be described, by which the proper temperature was 
determined, and then the following experiments were 
made, It should be promised that the beans were 


bi 
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always fixed to the cork-lids, for the convenience of 
manipulation, with the edge from which the radicle 
and plumule protrudes, outwards; and it must be 
remembered that owing to what we have called Sachs’ 
curvature, the radicles, instead of growing perpendi- 
eularly downwards, often bend somewhat, even os much 


Fig. 65, 
So 
| 
| 


Vicia fade: A, radicloe beginning to bend from the attached Litthe wpaare 
of cand; B, bent ata rectangle; C, bent into a circle or loop, with the 
Up beginnlog te bend downwards through the action of geotroptom, 


as about 45° inwards, or under the snepended bean. 
Therefore when a square of card was fixed to the apex 
in front, the bowing induced by it coincided with Sachs’ 
curvature, and could be distinguished from it only by 
being more strongly pronounced or by occurring more 
quickly. ‘Lo avoid this source of doubt, the squares 
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were fixed either behind, causing a curvature in direct 
‘Opposition to that of Sachs’, or more commonly to the 
right or left sides, For the sake of brovity, wo will 
spoak of the bits of card, dc, as fixed in front, or 
behind, or laterally. As the chief curvature of the 
radicle is at o little distance from the apex, and as 
‘the extreme terminal and basal portions are nearly 
straight, it is possible to estimate in a rough manner 
the amonnt of curvature by an angle; and when it is 
eaid that the radicle became deflected at any angle 
from the perpendicular, this implies that the apex was 
turned upwards by 80 many degrees from the down- 
ward direction which it would naturally have followed, 
and to the side opposite to that to which the card was 
affixed. That the reader may have a clear idea af the 
‘Kind of movement excited by the bits of attached 
card, we append here accurate sketches of three ger- 
‘minating beans thus treated, and selected out of 
several specimens to show the gradations in the 

of curvature. We will now give in detail a 
series of experiments, and afterwards a summary of 
the results, 

In the first 12 trials, little squares or oblong» of sunded card, 
‘18mm. in length, and 15 or only 0-9 mm. in breadth (i.e, O71 
of an inch in longth and 059 or °085 of an inch in broadth) were 
‘fixed with shellac to the tips of to mdicles. Tn the subsequent 
triala the little squares were only occasionally measured, but 
wore of about tho eame size, 

\ @) A young mdicle, 4 mm. in length, had a cand fixed be 
‘hind: after 9h, deflected in the plane in which the bean ix 
flattened, 50° from the perpendicular and from the card, and in 

fo Sachs’ curvature: no chunge next morning, 23h, 


‘front the time of attachment, 

(2) Radiclo 5% mm, in length, card fixod behind: after 9h. 
“deflected in the plane of the bean 20° from the perpendicular 
‘and from the card, and in opposition to Sachs’ curvature: after 
33h, no changn, 
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(B,) Badiclo 11 mm, in eg lr enepr age 


course of Oh, After 23h, no change. 

(7) Radlicle7 mm. long, eard affixed to the back: after 9h. 
tho terminal part of tho rdicle deflected in the plane of the 
bean 20° from the vertical, away from the card and in oppeeition 
to Sachs’ curvature. After 22h. 30 m. this part of the madicle 


had become straight. 

(8) Redicle 12 mm. long, card afiized almost Interally: after 
‘Sh. deflected Interally in a plano at right anglos to that of the 
bean between 40° and 50° from the vertical and from the card. 


slightly curved townnds the card. 

@) Card fled laterally; after 11h, 80m. no effect, the 
radicle still alinort vortioal. 

0.) fixed almost Iaterally: after 11 


time than ever oceurs r 
(42) ip of radicle protected ns in last ease: after 11h. no 
“effoct, tnt after Ih. 40m, rodiclo clearly deflected from the 
ard. ‘Thin slow action was probably duo to a portion of the 
skin having carled round and lightly touched the 


of card fixed with shellac behind the apex of a 

from its position having beon changed during 

very crooked; but the terminal portion 

was straight, and this bocame doflocted to abont 45° from 
the perpendicular and from the card, in opposition to Sachs’ 


of card affixed with whellne: after 8. radicle 
t angloa from tho porpendicular and from the 


of card affixed with shellac: after 24h, no effect, 
had not grown woll and seomed sickly. 

of card affixed with shellac: after 2th. no effect. 

‘of card affixed with shellac: after 24h. 

both curved ot abont 45° from the perpendicular and 


of card fixod with shellac to young radiclo: after 
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ote an, ra ee padi dpared afer 2th. tip curved 

towanls card. Refixed new square laterally, after 9h. 

* enrved from thecard, and after 24 h. curved at right angles from 
tho porpendicular and from the ard. 

(24.) A rather large oblong piece of card fixed with shellac to 
apex: after Sh. no effect, but the card was found not to be 
touching the apex. A small equare was now rofixod with 
shellac; after 16h, slight deflection from the perpendicular 
and from the card, After an additional day the radicle became 
almost etraight. 

(25,) Square of oard fixed laterally to apex of young radicle; 
after 9h, doftection from tho perpendicular considerablo; after 
2th. deflection reduced, Rofixod a fresh equaro with shellac: 
after 24h. deflection about 40° from the perpendicular and from 
‘tho card. 

(26.) A vory small square of card fixed with shellac to apex of 
young radicle: after 9h. the deflection from the perpendicular 
‘and from the card nmounted to nearly a right angle; mfter 24h. 
defloction much reduced; after an additional 24 b, radicle almost 
straight. 

(47.) Squor of card fixed with shollac to apex of young 
radicle: after 9h, deflection from the card.and from the perpen= 
Aicular a right angle; next morning quite straight. Retxed 
@ square Intorally with shellno; after 9b. little deflection, 
which after 24. increased to nearly 20° from the perpendicular 
and from the card, 

(23) Square of card fixed with shellac; after 9h, some 
dofiection; next morning the card dropped off; refixed it with: 
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amorning deflection reduced to about 40° from the perpen- 


(G1) A splinter of thin glass gummed to aper, after 9h, no 
‘effect, but it was thon found not to be touching the apex of tho 


portion was “36 in length, 

(88.) Squaro of card gummed to apex: after 15h, dofloctod at 

nearly 90° from the perpendicular and from the card. 

(GL) Small oblong of sanded enrd gummed to apex: after 
from 


(85.) Square of card gummed to apex: after) h. deflected from 
card; after 24h. from time of attachment greatly deflected 
Be rey oepeettion to Sank) curvature, 
all pleoe of oar, ratber Teas than yah of an'foth 

Se eae 


estrame tip was curved towards the card. 


of 
8h, 80 m. hardly any effect; refixed fresh equare laterally, after 
15h deflected almost 90” from the perpendicular and from the 
card, After 2 additional days deflection much reduced. 


9.) Small oblong piece of card gummed to apex, noarly in 

Serie & tate fo one side; in 9 h, slightly doftoctod in the 

diection of Sachs’ curvature, but rather obliquely, and to 

‘tide opposite to card. Next day more curved in the same 
eet paraecmtaeedyccrenas neces 
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(40.) Square of card gummed to apex: after 9 h, slightly 
curved from card; next morning radicle straight, and apex had 

grown beyond the card. Rofixod another square laterally with 
Sielne, in 9 b, deflected laterally, but also in the direction of 


ably increased 

(41) Little square of tin-foil fixed with gum to ono aide of 
apex of a young and short radiclo: after 15 bh. no effect, bat 
tin-foil had become displaced. A little square of card was now 
gummed to one side of apex, which after 8 h. 40 m, was slightly 
deflected ; in 24h. from the time of attachment deflected at 90° 
from the perpendicular and from tho card; aftor 9 additional 


aper of a radicle, which after 9h, was deflected fram it, In 
increased, und after 2 additional days it amounted to 60° from 


the first attachment of any object, the extreme tip 
nde tho card. 
(44.) A rather long and narrow splinter of extremely thin 


that it causes the upper part to bend away from the 
touching object. But before giving o summary of tho 











were affixed with thick gam-water to 
the madicles of seven beans, as a pre~ 
etary! tril. Six of these were plainly acted on, 
and in two cases the radieles beeame coiled up into 
complete ‘One radicle was curved into a semi- 
circle in so short a period ax Oh. 10m. The 
soventh radicle which was not affected was apparently 

ly, a8 it became brown on the following day; 80 

it formed no real exception, Some of these triala 

sade in the early spring during eold weather in 
cerns and others in a greenhouse, but the 
was not recorded. These six striking 









when subjected to considerable heat, and as 
imagined that heat would increase their sensitive- 
vessels with germinating beans suspended in 
‘air were placed on a chimney-piece, where they 
Tpeecentjcornt during the greater part of the day toa 
of between 69° and 72°? F.; some, how- 
were placed in the hot-house where the tempera- 
c was rather higher. Above two dozen beans were 
| lus tried; and when a square of glass or card did 
act, it was removed, and a fresh one affixed, this 
often done thrice to the same radicle. There> 
between five and six dozen trials were altogether 
F a But there was moderately distinet dedlection 
the perpendicular and from the attached object 
Brenly oe tadicle out of this large number of cases, 
other cases there was very slight and doubtful 
We were astonished at this result, and 
luded that we had made some inexplicable mis- 
in the first six experiments. But before finally 
ing the subject, we resolved to make one 







it 
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other trial, for it occurred to us that sensitiveness is 
easily affected by external conditions, and that radiclos 
growing naturally in the earth in the early spring 
would not be subjected to a temperature nearly so 
high as 70° F, We therefore allowed the radicles 
of 12 beans to grow at a temperature of between 
55° and 60° F. The rosult was that in every one of 
these cases (included in the ubove-described experi- 
ments) the tadicle was deflected in the course of a few 
hours from the attached object. All the above re- 
corded successful trials, and some others presently to 
be given, were made in a sitting-room at the tempera- 
tures just specified. It therefore appears that a tem- 
perature of about, or rather above, 70° F. destroys 
the sensitiveness of the mdicles, either directly, or 
indirectly through abnormally accelerated growth ; 
and this curious fuet probably explains why Sachs, 
who expressly states that his beans were kept at a 
high temperature, failed to detect the sensitiveness of 
the apex of the radicle, 

But other causes interfere with this sensibility, 
Eighteen mdicles were tried with little squares of 
sunded card, some affixed with shellac and some with 
gum-water, during the few last days of 1878, and few 
first days of the next year. They were kept in a room 
at the proper temperature during the day, but were 
probably too cold at night, as there was a hard frost at 
the time. The radicles looked healthy but grew very 
slowly. The result was that only 6 out of the 18 
wore deflected from the attached cards, and this only 
to a slight degree and at a very slow mute. These 
radicles therefore presented a striking contrast with 
the 44 above deseribed. On March 6th and 7th, when 
the temperature of the room varied between 53° and 
59° F,, eleven germinating beans were tried in the 
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same manner, and now every one of the radicles 
became curved away from the cards, though one was 
ey slightly deflected. Some horticulturists believe 
that certain kinds of seeds will not germinate pro- 
perly in the middle of the winter, although kept at a 
fight temperature. If there really is any proper period 
for the germination of the bean, the feeble degree of 
sensibility of the above radicles may havo resulted 
from the trial having been made in the middle of the 
winter, and not simply from the nights being too cold. 
Tastly, the rdicles of four beans, which from some 
innate cause germinated later than oll the others of 
the samo lot, and which grew slowly though appearing 
healthy, were similarly tried, and oven after 24h. they 
were hardly at all deflected from the attached ecards. 
‘e may therefore infer that any cause which renders 
the growth of the radicles either slower or more rapid 
‘than the normal rate, lessens or annuls the sensibility 
of their tips to contact. It deserves particular atten- 
tion that when the attached objects fuiled to act, there 
was no bending of any kind, excepting Sachs’ curva- 
ture, The force of our evidence would have been 
greatly weakened if occasionally, though rarely, the 
radicles had become curved in any direction inde- 
pendently of the attached objects, Tn the foregoing 
numbered paragraphs, however, it may be observed 
that the extreme tip sometimes becomes, after a con- 
siderable interval of time, abruptly curved towards the 
hit of card; but this is a totally distinct phenomenon, 
as will presently be explained. 
of the Results of the foregoing Eiperiments 
on n the Radicles of Vicia faba.—Altogether little squares 
(about yyth of an inch), generally of sanded paper 
as stiff as thin card (between ‘15 and -20 mm, in 
thickness), sometimes of ordinary card, or little 


a 
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ments of very thin glass, &e., were affixed at different 
times to one side of the conical tips of 55 radiclea, 
‘Tho 11 last-mentioned cases, but not the preliminary 
ones, aro here included. The squares, &c., were most 
commonly affixed with shellac, but in 19 cases with 
thick gum-water. When the latter was used, the 
Squares wero sometimes found, as previously stated, 
to be separated from the apex by a layer of thick 
fluid, so that there was no contact, and conse- 
quently no bending of the radicle; and such few 
cases were not recorded. But+in every instance in 
which shellac was employed, unlees the square fell 
off very soon, the result was recorded. In several 
instances when the squares beeame displaced, so ax 
to stand parallel to the rudicle, or were sepanted by 
fluid from the apex, or soon fell off, fresh squares 
were attached, and theso cases (described under the 
numbered paragraphs) are hero included. Out of 
55 radicles experimented on under the proper tempo- 
rature, 52 became bent, generally to a considerablo 
extent from the perpendicular, and away from the 
side to which the object was attached. Of the three 
failures, one can be accounted for, as the radicle 
became sickly on the following day; and a second 
was observed only during 11h.30m. As in several 
eases the terminal growing part of the radicle continued 
for some time to bend from the attached object, it 
formed itself into a hook, with the apex pointing to 
tho zenith, or even into a ring, and occasionally into a 
spire or helix. It is remarkable that these latter cases 
ocourred more frequently when objects were attached 
with thick gum-water, which never became dry, than 
when shellac was employed. The curvature was often 
well-marked in from 7 bh. to 11 h.; and in one instanee 
a semicircle was formed in 6 b. 10m, from the time 








of attachment. But in order to see the phenomenon 
as woll displayed as in the above described cases, it ia 
indispensable that the bits of card, &e., should be 
made to adhere closely to one side of the conical 
apex; that healthy radicles should be selected and 
opt at not too high or too low a temperature, and 
apparently that the trials ehould not be made in the 
middle of the winter. 

In tem instances, radicles which hid curved away 
Pitas ataqtace of card or other object attached to their 
tips, themselves to a certain extent, or 
even completely, in tho courze of from one to two days 
from the time of attachment. ‘This was more espe- 
cially apt to oceur when the curvature was slight. 
Bat in one instance (No. 27) a radicle which in 9 h. 
had been deflected about 90° from the perpendicular, 
became quite straight in 24h. from the period of 
attachment. With No. 26, the rudicle was almost 
stmight in48 h. We at firstattributed the straighten- 
ing process to the radicles becoming accustomed to « 

light stimulus, in the same manner us a tendril or 
sensitive petiole becomes accustomed to a very light 
Joop of thread, and unbends itself though the loop 
‘remains still suspended; but Sachs stutes* that radicles 
of the bean placed horizontally in damp air after 


concave sides. Why this should occur is not clear; 
but perhaps it likewise occurred in the above ten 
eases. There is another occasional movement which 
must not be passed over: the tip of the radicle, for « 
length of from 2 to 3 mm., was found in six instances, 
4 


© “Arbeiten Bot Instit,, Wurzburg,’ Heft lit. p. 456. 
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after an interval of about 24 or more hours, bent 
towards the bit of still attached eardj—that is, in a 
direction exactly opposite to the previously induced 
curvature of the whole growing part for a length of 
from 7 to $mm. ‘This occurred chiefly whon the first 
curvature was small, and when an object had been 
affixed more than once to the apex of the same radicle, 
The attachment of a bit of card by shellac to one 
side of the tender apex may sometimes mechanically 
prevent ite growth; or the application of thick gum- 
water more than once to the same side may injure it; 
and then checked growth on this side with continued 
growth on the opposite and unaffected side would 
account for the reversed curvature of the apex. 
Various trials were made for ascertaining, as far 
as we could, the nature and degree of irritation to 
which the apex must be subjected, in order that the 
terminal growing part should bend away, as if to 
avoid the cause of irritation. We have acen in the 
numbered experiments, that a little square of rather 
thick Ietter-paper gummed to the apex induced, 
though slowly, considerable deflection. Judging from 
several cases in which yarions objects had been affixed 
with gum, and had soon become separated from the 
apex by a layer of fluid, as well as trom some trials 
in which drops of thick gum-water alone had. beon 
applied, this fluid never causes bending. We have 
also scen in the numbered experiments that narrow 
splinters of quill and of very thin glass, affixed with 
shellac, caused only a slight degreé of deflection, and 
this may perhaps have been due to the shellac 
itself, Little squares of goldbeaters’ skin, which is 
excessively thin, were damped, and thus made to 
adhere to one side of the tips of two radiclos; one of 
these, after 24 h., produced no effect; nor did the 
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other in 8 h., within which time squares of card usually 
‘act; but after 24 hb, there was slight dofloction. 

An oval bead, or rather cake, of dried shellac, 
1-01 mm. in length and 0-63 in breadth, caused a 
radicle to become deflected at nearly right angles in 
the course of only 6 h.; but after 23 h. it had nearly 
straightened itseli. A very small quantity of dissolved 
shellac was spread over a bit of card, and the tips of 
9 radicles were touched laterally with it; only two of 
them became slightly deflected te the side opposite 
to that bearing the speck of dried shellac, and they 
afterwards straightened themselves, These specks 
were removed, and both together weighed less than 
qéeth of a grain; so that a weight of rather les 
than ghpth of o grain (0°32 mgs.) sufficed to excite 
movement in two out of the nine radicles. Hore 
then we haye apparently reached nearly the minimum 

‘ight which will act. 

A moderately thick bristle (whieh on measurement 
was found rather flattened, being 0°33 mm. in one 
diameter, and 0°20 mm. in the other) was cut into 
Tengths of about ghth of an inch. These after being 
touched with thick gum-water, were placed on the tips 
of eleven radicles. Three of them were affected ; one 
being deflected in 8 h, 15 m. to an angle of about 90° 
from the perpendicular: a second to the same amount 
when looked at after 9h.; but after 24h, from the 
time of first attachment the deflection had decreased 
to only 19°; the third was only slightly deflected 
aiter 9 h,, and the bit of bristle was then found not 
tonching the apex; it was replaced, and after 15 
additional hours tho deflection amounted to 26° from 
the perpendicular, ‘The remaining cight radicles 
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of size of an object which will act on the mdicle of 
the bean. But it is remarkable that when the bits of 
bristle did act, that they should have acted so quickly 
and efficiently. 

As the apex of a radicle in penetrating the ground 
must be pressed on all sides, we wished to learn 
whether it could distinguish between harder or more 
resisting, and softer substances, A square of the sanded 
paper, almost as stiff as card, and a square of extremely 
thin paper (too thin for writing on), of exactly the 
same size (about goth of an inch), were fixed with 
shellac on opposite sides of the apices of 12 suspended 
tadicles. The sanded card was between 6°15 and 
0-20 mm. (or between 0°0059 and 0-0079 of an inch), 
and the thin paper only 0-045 mm, (or 0-00176 of an 
inch) in thickness. In 8 out of the 12 cases there 
could be no doubt that the radicle was deflected from 
the side to which the card-like paper was attached, and 
towards the opposite side, bearing the very thin paper. 
This occurred in some instances in 9 h., but in others 
not until 24 h. had elapsed. Moreover, some of the 
four failures can hardly be considered as really failures: 
thus, in one of thom, in which the radicle remained 
quite straight, the square of thin paper was found, 
when both were removed from the apex, to have been 
40 thickly coated with shellac that it was almost as 
stiff ws the card: in the second case, the radicle was 
bent upwards into a semicircle, but the deflection 
was not directly from the side bearing the card, and 
this was explained by the two squares having become 
cemented laterally together, forming « sort of stiff 
gable, from which the ridicle was deflected: im the 
third case, the square of card had been fixed by 
mistake in front, and though there was deflection 
from it, this might have been due to Sechs’ curvature: 
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in the fourth ease alone no reason could be assigned 

why the radicle had not been ot all deflected. ‘These 

suffice to prove that the apex of the 

vnidicle possesses the extmordinary power of diseri- 

between thin card and very thin paper, and 

is deflected from the side pressed by the more re- 
sisting or harder substance. 

Some trials were next made by irritating the tips 
without any object being left in contact with them, 
Nine ridicles, suspended over water, had their tips 
mubbed, each six times with a needle, with sufficient 
force to shake the whole bean ; the temperature was 
favourable, viz. wbout 63°F. In 7 out of these cases 
no offect whatever was produced; in the eighth case 
the radicle became slightly deflected from, and in the 
ninth case slightly deflected towards, the rubbed side ; 
but these two latter opposed curvatures were probably 
accidental, a5 radiclos do not always grow perfectly 

ri downwards. The tips of two other radicles 
were rubbed in the same manner for 15 seconds with 
‘# little round twig, two others for 80 seconds, and two 
others for 1 minute, but without any effect being pro- 
duced. We may therefore conclude from these 15 
trials that the radicles are not sensitive to tem, 
contact, but are acted on only by prolonged, though 
very slight, pressure. 3 e 
We then tried the effects of cutting off a very thin 
alieo parillel to one of the sloping sides of the apex, 
as we thought that the wound would cause prolonged 
irritation, which might induce bending towards the 
| et dhatal ee agai dearer 

preliminary trials were made: firstly, slices were 

gut from the rdicles of 6 beans suspended in damp 
air, with a pair of scissors, which, though sharp, 
sere consideruble crushing, and no curva+ 
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ture followed. Secondly, thin slices were cut with a 
razor obliquely off the tips of three radicles similarly 
suspended; and after 44 h. two were found plainly 
bent from the sliced surface; and the third, the whole 
apex of which had been cut off obliquely by accident, 
was curled upwards over the bean, but it was not 
clearly ascertained whether the curvature had been at 
first directed from the cut surface. These reaults led 
us to pursue the experiment, and 18 radicles, which 
had grown vertically downwards in damp air, had one 
side of their conical tips sliced off with a razor. The 
tips were allowed just to enter the water in the jars, 
and they were exposed to a temperature 14°-16° OC, 
(57-61 F.). The observations were made at dif- 
ferent times, Three were exumined 12 h. after being 
sliced, and were all slightly curved from the cut 
surface; and the curvature increased considerably after 
an additional 12h. Eight were oxamined after 19 h.; 
four after 22 bh. 30 m.; and three after 25h. The 
final result was that out of the 18 radicles thus tried, 
13 were plainly bent from the cut surface after the 
above intervals of time; and one other became so 
after an additional interval of 13 h. 30m. So that 
only 4 out of the 18 radicles were not acted on, To 
these 18 cases the 3 previously mentioned ones should 
be added. It may, therefore, be concluded that a thin 
alice removed by a razor from one side of the conical 
apex of the radicle causes irritation, like that from an 
attached object, and induces curvature from the injured 
surface. 


Lastly, dry caustic (nitrate of silver) was employed 
to irritate one side of the apex. If one side of tho 
apex or of the whole terminal growing part of » 
tadiele, is by any means killed or badly injured, the 
other side continues to grow; and this causes the part 
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to bend over towards the injured side." But in the 
following experiments we endeavoured, generally with 
success, to irritate the tips on one side, without badly 
injuring them. This was effected by first drying the 
tip as fur as possible with blotting-paper, though it still 
remained somewhat damp, and then touching it once 
with quite dry caustic. Seventcon radicles wore thus 
treated, and wore suspended in moist air over water at 
a temperature of 58° F. ‘They were examined after 
an interval of 21h. or 24h. The tips of two were 
found blackened equally all round, so that they could 
tell nothing and were rejected, 15 being left. Of 
these, 10 were curved from the side which had been 
touched, where there was a minute brown or blackish 
‘mark. Five of these radicles, three of which were 
wlready slightly deflected, were allowed to enter the 
water im the jar, and were re-examined after an addi- 
tional interval of 27 h. (i.e. in 48 h, after the appli- 
cation of the caustic), and now four of them had 
become hooked, being bent from the discoloured side 
with their points directed to the zenith; the fifth 
remained unaffected and straight. Thus 11 radicles 
out of the 15 were acted on. But the curvature of 
the four just described was so plain, that they alone 
would have sufficed to show that the radicles of the 
bean bend away from that side of the apex which has 
been slightly irritated by caustic. 

The power of an Irritant on the apes of the Radiole 


 Claolakt oand this tobe the pended over water, with a thick 

anermocbangen Ger dig’ layer of ream, shah ts vary 

Terie peat) aftat boring wk fog’ paras for after 48. ow 

wi 5 m0 

P ‘one ride of a five of these radicles wero curved 

midicle, So did wo when wo the side, two 
Sa half ofthe remaining straight. 

of 7 radiclos, sus 


SENSITIVENESS OF THE APEX Omar. IIt, 


compared with that of Geotropiem—We 
when a little square of card or other 
fixed to one side of the tip of a vertically 
radicle, the growing part bends from it 
into a somicirele, in opposition to gootropism, 
ich force is conquered by the effect of the irti- 
from the attached object. Radicles were there 
extended horizontally in damp air, kept at 
low temperature for full sensitivencss, 
of card were affixed with shellac on the 
sides of their tips, so that if the squares 
acted, the terminal growing part would eurve upwards, 
REDE EAA EEA IE A placed that their short, 
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earth in 20 h., excepting one which was only slightly 
acted on. ‘Iwo of them were a little bowed downwards 
in only 5h.! Therefore the cards, affixed to the lower 
vac: Epon aps rg ON oc and 
ered the effects of the irritation 
ae aie radicles, 1, inch in 
oe therefore less sensitive than the above 
mentionel young ones, were similarly placed and 
similarly treated. From what has been seen on many 
other occasions, it may be safely inferred that if they 
had been suspended vertically they would have bent 
away from the cards; and if they had been extended 
horizontally, without eards attached to them, they 
would have quickly bent vertically downwards 
sorte but the result was that two of these 
radicles were still horizontal after 23 b.; two were 
curved only slightly, and tho fifth as much as 40° 
beneath the horizon. ‘Thinlly, 5 beans were fastened 
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the same time and within the same 
ebiagarreiGhrosuestr stise een 
suspended vertically; and after 8 bh. 20 m. they were 
considerably deflected from the cards, and therefore 
curved upwards in opposition to geotropism. Tn these 
latter cases the irritation from the squares had over+ 
‘powered geotropism ; whilst in the former cases, in 
which the radicles were extended horizontally, goo- 
Seopa aeaiiee the irritation. Thus within 
same jars, some of the radicles were enrying 
and others downwards at the same time— 
these opposite movements depending on whether the 
madicles, when the squares were first attached to them, 
projected vertically down, or were extended horizon- 
. This difference in their behaviour seems at first 
icible, but can, we believe, be simply explained 
by the difference between the initial power of the two 
forces under the above circumstances, combined with 
the well-known principle of the after-effects of a sti- 
mulus. When a young and sensitive radicle is extended 
horizontally, with a square attached to the lower side 
of the tip, geotropism acts on it at right angles, and, 
as we have seen, is then evidently more efficient than 
‘the irritation from the square; and the power of goo- 
tropism will be strengthened at cach successive period 
i action—that is, by its aftereffects, 
On the other hand, when a square is affixed to a 
vertically dependent radicle, and the apex begins to 
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curve upwards, this movement will be opposed by geo- 
tropism acting only at a vory oblique angle, and the 
irritation from the card will bo strengthened by ite 
previous action. We may therefore conclude that the 
initial power of an irritant on the apex of the radicle 
of the bean, is less than that of geotropism when 
acting at right angles, but greatar than that of goo- 
tropism when acting obliquely on it. 
fensitiveness of the tips of the Secondary Rudicles of the 
Bean to contact—All the previous observations relate 
to the main or primary radicle, Some beans suspended 
to cork-lids, with their radicles dipping into water, had 
developed secondary or lateral radicles, which were 
afterwards kept in very damp air, at the proper low 
temperature for full sensitiveness. They projected, 
as usual, almost horizontally, with only a slight 
downward ecnrvature, and retained this pesition 
during several days. Sachs has shown* that these 
secondary roots are acted on in a peculiar manner by 
geotropism, so that if displaced they reassume their 
former sub-horizontal position, and do not bend verti- 
cally downwards like the primary radicle, Minuto 
of the stiff sanded paper were affixed by 
means of shellac (but in some instances with thick 
gum-water) to the tips of 89 secondary radicles of 
different ages, generally the uppermost ones. Most 
of the squares were fixed to the lower sides of the apex, 
so that if they acted the mdicle would bend upwards; 
but some were fixed laterally, and a few on the upper 
side. Owing to the extreme tenuity of these radicles, 
it was very difficult to attach the square to the 
nctnal apex. Whother owing to this or some other 
circumstance, only nine of the squares induced any 
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enryature. The curvature amounted in some cases to 
about 45° above the horizon, in others to 0°, and then 
the tip pointed to the zenith. In one instance a 
distinet upward curvature was observed in $ h, 15 m., 
‘Dat usually not until 24 bh. had elapsed. Although 
only 9 out of 39 radicles were affected, yot the curva- 
ture was so distinct in several of them, that there could 
be no doubt that the tip is sensitive to slight contact, 
and that the growing part bends away from the touch- 
ing object. It is possible that some secondary radicles 
are more sensitive than others ; for Sachs has proved * 
the interesting fact that oacli individual secondary 
Tuliclo possesses its own peculiar constitution. 
Sensitivencas to contact of the Primary Radiclo, a little 
above the aper, in the Bean ( Vicia faba) and Pea (Piswm 
sativum).—The sensitiveness of the apex of the mdicle 
in the previously described cases, and the consequent 
euryature of the upper part from the touching object 
or other source of irritation, is the more remarkable, 
becanse Sachs t has shown that pressure at the distance 
ofa fow millimeters above the apex causes the radicle 
to bend, like a tendril, towards the touching object. 
By fixing pins so that they preased against the radicles 
of beans susponded vertically in damp air, we saw this 
kind of curvature; but rubbing the part with a twig 
or needle fora fow minutes produced no effect, Haber« 
Jandt remarks, that these radicles in breaking through 
the sood-coata often rub and press against the ruptured 
edges, and consequently bend round them. As little 
squares of the card-like paper affixed with shellac to 
the tips were highly efficient in causing the radicles 
to bend away from them, similar pieces (of about 2yth 


‘Arbeiten Bot, Tnstit,, Wore + ‘DieSchutzeluriohtungon der 
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inch square, or rather less) were attached in the same 
manner to one side of the radicle at a distance of 3 or 
4imm. above the apex. In our first trial on 15 radicles 
no effect was produced. Ina second trial on the same 
number, three became abruptly curved (but only one 
strongly) towards the card within 24h. From these 
cases we may infer that the pressure from a bit of curd 
affixed with shellac to one side above the apex, is hardly 
4 sufficient irritant; but that it occasionally causes the 
radiele to bend like a tendril towards this side. 

We noxt tried the effect of rubbing several radicles 
at a distance of 4 mm. from the apex for a few seconds 
with lunar caustic (nitrate of silver) ; and although the 
radicles had been wiped dry and the stick of caustic 
was dry, yet the part rubbed was much injured and a 
slight permanent depression was left. In such cases 
the opposite side continues to grow, aud the radicle 
necessarily becomes bent towards the injured side. 
Bat when a point 4mm. from the apex was momen- 
tarily touched with dry caustic, it was only faintly 
discoloured, and no permanent injury was caused. ‘This 
was shown by several mlicles thus treated straighten- 
ing themselves after one or two days; yet at first they 
became curved fowerds the touched side, as if they had 
been there subjected to slight continued pressure. 
These cases deserve notice, because when one side of 
the apex was just touched with caustic, the radicle, as 
we huye seen, curved itself in an opposite direction, that 
is, away from the touched side, 

The radicle of the common pea at a point a litle 
above the apex is rather more sensitive to continued 
pressure than that of the bean, and bends towards the 
pressed side.* We experimented on a variety (York= 
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shire Hero) which has a much wrinkled tough skin, 

too large for the included cotyledons; so that out of 

80 peas which had been soaked for 24h. and allowed 

to germinate on damp sand, the radicles of three were 

‘unable to escape, and were crumpled up in a strange 

manner within the skin; four other midicles were 

abruptly bent round the edges of the ruptured skin 

against which they had pressed, Such abnormalities 

would probably never, or very rarely, occur with forms 

developed ina state of nature and subjected to natural 

selection. One of the four radicles just mentioned in 

backwards came into contact with the pin 

by which the pea was fixed to the cork-lid ; and now it 

bent at right angles round the pin, in a dircetion quite 

| different from that of the first curvature due to contact 

with the ruptured skin; and it thus afforded a good 

illustration of the tendril-like sensitivencss of the 
tadicle a little above the apex. 

Little squares of tho card-like paper wore noxt 
affixed to ratlicles of the pea at 4 mm, above the apex, 
in the samo manner as with the bean, Twenty-eight 
tadicles suspended vertically over water were thus 
treated on different occasions, and 13 of them became 
curved towards the cards, The greatest degree of 
eurvature amounted to 62° from the perpendicular; 
‘but so large an angle was only once formed. On one 
occasion a slight curvature wus perceptible after 5 h. 
45 m., and it was generally well-marked after 14 b. 
There can therefore be no doubt that with the pea, 
irritation from a bit of card attached to one side of the 
tadicle above the apex suflices to induce curvature, 

of card were attached to one side of the tips 
of 11 radicles within the same jars in which the above 
‘trials wore made, ani five of them becamo plainly, 
and one slightly, curved away from this side, Other 
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analogous cases will be immediately described. The 
fact is here mentioned because it was a striking spec- 
tacle, showing the difference in the sensitiveness of 
the radicle in different parts, to behold in the same 
jar one eet of radicles curved away from the aquares on 
their tips, and another set curved towards the squares 
attached a little higher up. Moreover, the kind of 
enrvature in the two cases is different. The squares 
attached above the apex cause the radicle to bend 
abruptly, the part above and beneath remaining nearly 
straight; so that here there is little or no transmitted 
effect. On the other hand, the squares attached to 
the apex affect the radicle for a length of from about 
4 to even 8 mm., inducing in most cases a sym- 
metrical curvature; 20 that here some influence is 
‘transmitted from the apex for this distance along the 
radicle, 

Pisum sativum (var, Yorkshire Hero): Sensitiveness of 
the apen of the Radicle,—Little squares of the same card- 
like paper were affixed (April 24th) with shollac to 
one side of the apex of 10 vertically suspended muicles: 
the temperature of the water in the bottom of the jars 
was 60°61" F, Most of these radicles were acted on 
in 8h. 30 m,; and cight of them became in the course 
of 24h. conspicuously, and the remaining two slightly, 
deflected from the porpendicular and from the side 
bearing the attached squares. ‘Thus all were acted on; 
but it will suffice to describe two conspicuous cases. 
In one the terminal portion of the radicle was bent at 
right angles (A, Fig. 66) after 24 h.; and in the other 
(B) it had by this time become hooked, with the apex 
pointing to the zenith. The two bits of card here used 
were “07 inch in length and "04 inch in breadth. Two 
other radicles, which after 8 h. 30 m. were moderately 
deflected, became straight again after 24h, Another 
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‘trial was made in the same manner with 15 radicles; 
Dat from circumstances, not worth explaining, they 
were only onco and briefly examined after the short 
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“Pawn sotiown + deflection produced within 24 hours in the growth of 
tically dependent, raicles, by ttle syuaren of card fired with 
Belle vo one side of apea: A, Bout at sight angles, Booked, 
interval of 5h. 30. m.; and we merely record in our 
notes “almost all bent slightly from the perpendicular, 
and away from the squares; the deflection amounting 
in one or two instances to nearly a reetangle.” These 
two sets of cases, especially the first one, prove that 
the apex of the radicle is sensitive to slight contact 
and that the upper part bends from the touching 
object. Nevertheless, on June Ist and 4th, 8 other 
mudicles were tried in the same manner at a temperi- 
ture of 58°-60° F, und after 24 h, only 1 was decidedly 
bent from the card, + slightly, 2 doubtfully, and 1 not 
in the least, The amount of curvature was unaccount- 
ably small; but all the radicles which were at all bent, 
were bent away from the cards, 

We now tried the effects of widely different tempera- 
tures on the sensitivencss of these radicles with squares 
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of curd attached to their tips, Firstly, 13 peas, most 
of them having very short and young radicles, were 
placed in an ice-box, in which the temperature rose 
during three days from 44° to47°F. They grewslowly, 
but 10 out of tho 13 became in the course of the three 

ee ere ere areas the other 
‘8 were not affected; so that this temperature was too 
low for any high degree of sensitiveness or for much 
movement. Jars with 13 other radicles were next 
placed on a chimney-piece, where they were subjected 
to a temperature of between 68° and 72° F., and 
after 2th. 4 were conspicuously curved from the 
cards, 2 slightly, and 7 not at all; so that this tem- 
perature was mther too high. Lastly, 12 radicles 
were subjected to a temperature varying between 
TP and 85° F., and none of them were in the least 
affected by the squares. The above several trials, 
especially the first recorded one, indicate that the 
most favourable tomporaturo for the senaitiveness of 
the radicle of the pea is about 60° F. 

‘The tips of 6 vertically dependent radicles were 
touched once with dry caustic, in the manner described 
under Vicia faba. After 24 bh. four of them were bent 
from the side bearmg a minute black mark; and the 
enrvature increased in one case after 38 h,, and in 
another case after 48 h., until the terminal part pro- 
jected almost horizontally. The two remaining mae 
dicles were not affected, 

With radicles of the bean, when extended horizontally 
in damp air, geotropism always conquered the effects 
of the irritation caused by squares of card attached to 
the lower sides of their tips, A similar experiment 
‘was tried on 13 radicles of the pea; tho squares being 
attached with shellac, and the temperature between 
58-60" F. Steeeeib seen eraacha Sy AP , 
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“these radicles are either less strongly acted on by 
geotropism, or, what is more probable, are more sen- 
sitive to contact. After a time geotropism always 
prevailed, but its action was often delayed; and in 
three instances there was a most curious struggle 
between geotropism and the irritation caused by the 
cards, Four of the 13 radicles were a little curved 
downwards within 6 or 8 h., always reckoning from 
the time when the squares were first attached, and 
after 23h, three of them pointed vertically down- 
wards, and the fourth at an angle of 45° beneath the 
horizon, These four radicles thorefore did not seem 
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Piowm sxtionm + x raclicle extended horizontally in damp air with » little 
square of card affixed to the lower side of its tip, causing it to brad 
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1B, now forming a loop. 
to have been at all affected by the attached squares. 
Fonr others were not acted on by geotropism within 
the first 6 or 8 h., but after 23h. were much bowed 
down. Two others remained almost horizontal for 
23 h., but afterwards were acted on. So that in these 
Tattor six cases the action of geotropism was much 
delayed. The eleventh mdicle was slightly curved 
down after 8 h., but when looked at again after 23 h. 
the terminal portion was curved upwards; if it had 
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been longer observed, the tip no doubt would have 
“been found again curved down, and it would have 
formed a Joop as in the following case. The twelfth 
radicle after 6 h. was slightly curved downwards; but 
when looked at again after 21 h., this curvature had 
disappeared and the apex pointed upwards; after 80h. 
the radiele formed a hook, as shown at A (Fig. 67); 
which hook after 45 h. wns converted into a loop (B). 
The thirteenth radicle after 6h. was slightly curved 
downwards, but within 21 h. had curved considerably 
up, and then down again at an angle of 45° beneath 
the horizon, afterwards becoming perpendicular. In 
these thre last eases geotropism and the irritation 
caused by the attached squares alternately prevailed 
in a highly remarkable manner; geotropism being 
ultimately victorious. 

Similar experiments were not always quite so suc- 
cessful ag in the above cases. Thus 6 radicles, horizon- 
tally extended with attached squares, were tried on 
June 8th at a proper temperature, and after 7 bh. 30m. 
hone were in the least curved upwards and none were 
distinctly geotropic; whereas of 6 mdicles without any 
attached squares, whieh served as standards of com- 
parison or controls, 3 became slightly and 3 almost 
rectangularly geotropic within the 7h, 30m.; but 
after 25 bh. the two lots were equally geotropic. On 
July 10th another trial was made with 6 horizontally 
extended mdicles, with squares attached in the same 
manner beneath their tips; and after 7h, 30 m.,4 were 
slightly geotropic, 1 remained horizontal, and 1 was 
curved upwards in opposition to gravity or gootropism. 
This latter mdicly after 48 h, formed a Joop, like that 
at B Big. 67). 

An analogous trial was now made, but instead of 
attavhing squares of card to the lower sides of the 


Caar. I. OF THE RADICLE OF PHASEOLUS. 163 


‘tips, these were touched with dry caustic. ‘The details 
of the experiment will be given in the chapter on 
and it will suffice here to say that 10 
peas, with radicles extended horizontally and not cau- 
terised, were laid on and under damp friable peat; 
these, which servod os standards or controls, as well as 
10 others which had been touched on the upper side 
with the caustic, all became strongly geotropic in 24h. 
‘Nine radicles, similarly placed, had their tips touched 
on the lower side with the caustic; and after 24h. 
8 were slightly geotropic, 2 remained horizontal, and 
4 were bowed upwards in opposition to gravity and to 
geotropism. This upward curvature was distinctly 
visible in 8 h. 45 m. after the lower sides of the tips 
had been cauterised, 
Little squares of card were affixed with shellac on 
two cecasions to the tips of 22 young and short 
radicles, which had been emitted from the 
primary radicle whilst growing in water, but were now 
suspended in damp air. Besides the difficulty of 
attaching the squares to such finely pointed objects 
as were these rdicles, the temperature was too high, 
varying on the first, oceasion from 72° to 77° F., and 
on the second being almost steadily 78° I’,; and this 
probably lessened the sensitiveness of the tips, The 
Gomilb gadshat atten an intesrel of 8,20 xa, Ccafidhe 
22 raiicles were bowed upwards (one of them greatly) 
in opposition to gravity, and 2 laterally; the remain= 
ing 14 were not affected. Considering the unfavour- 
eis aetasons, and bearing in mind the case of 
the bean, the evidence appears sufficient to show that 
the tips of the secondary radicles of the pea are 
sensitive to slight contact. 
Phaseolus amultiflorus; Sensitiveness of the apex of the 
Radicle.—Filty-nine radicles were tried aay Pa 
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of various sizes of the samo card-like paper, also with 
bits of thin glass and rough cinders, affixed with shellac 
to one side of the apex. Rather large drops of the 
dissolved shellac were also placed on them and allowed 
to set into hard beads, The specimens were subjected 
to various temperatures botwoon 60° and 72° F., more 
commonly at about the latter. But ont of this con- 
siderable number of trials only 5 radicles were plainly 
bent, and 8 others slightly or even doubtfully, from 
the attached objects; the remaining 46 not being at 
all affected. It is therefore clear that the tips of the 
radicles of this Phaseolus are much less sensitive to 
contact than are those of the bean or pea. We 
thought that they might be sensitive to harder 
pressure, but after several trials we could not devise 
any method for pressing harler on one side of the 
apex than on the other, without at the same time 
offering mechanical resistance to its growth. We 
therefore tried other irritants. 

The tips of 18 radicles, dried with blotting-paper, 
were thrice touched or just rubbed on one side 
with dry nitrate of silver. They were rubbed thrice, 
because we supposed from the foregoing trials, that 
the tips were not highly sensitive. After 24h. the 
tips were found greatly blackened; 6 were blackened 
equally all round, so that no curvature to any one 
side could be expected; 6 were much blackened on 
one side for a length of about ?yth of an inch, and 
this length became curved at right angles towards the 
blackened surface, the curvature afterwards increasing: 
in several instances until little hooks wore formed. 
Tt was manifest that the blackened side was so much 
injured that it could not grow, whilst the opposite 
side continued to grow. One alone out of these 13 
nidicles beeame curved from the blackened side, the 
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curvature extending for some little distance above 
the apex. 

After the experience thus gained, the tips of six 
almost dry radicles were once touched with the dry 
caustic on one side; and after an interval of 10 m, 
were allowed to enter water, which was kept at a 
temperature of 65°-67° F. The result was that after 
an interval of 8 h, a minute blackish speck could 
just be distingnished on one side of the apex of five 
‘of these radicles, all of which became curved towards 
the opposite side—in two cases at about an angle 
of 45°—in two other cases at nearly a rectangle—and 
in the fifth case at above a rectangle, so that the apex 
was a little hooked; in this latter case the black mark 
was rather larger than in the others. After 24 hy 
from the application of the caustic, the curvature of 
three of those mdicles (including the hooked one) had 
diminished ; in the fourth it remained the same, and 
in the fifth it had increased, the tip being now hooked. 
It has been said that after 8 h. black specks could 
be seen on one side of the apex of five of the six 
radieles; on the sixth the speck, which was extremely 
minute, was on the actual apex and therefore central ; 
and this radicle alone did not become curved. Tt was 
therefore again touched on one side with caustic, and 
after 15h. 30m. was found curved from the perpen- 
dicular and from the blackened side at an angle of 34°, 
which increased in nine additional hours to 54°. 

It is therefore certain that the apex of the radicle 
of this Phaseolus is extremely sensitive to caustic, 
more so than that of the bean, though the latter is 
far more sensitive to pressure. In the experiments 
just given, the curvature from the slightly cauterised 
side of the tip, extended along the radicle for a 
length of nearly 10 mm.; whereas in the first set. 
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of experiments, when the tips of several were greatly 
blackened and injured on one side, so that their growth 
was arrested, a length of less than 3 mm, became 
curved towards the much blackened side, owing to the 
continued growth of the opposite side. This differ- 
ence in the results is interesting, for it shows that too 
strong an irritant does not induce any transmitted 
effect, and does not cause the adjoining, upper and 
growing part of the radicle to bend. We have analo- 
gous cases with Drosera, for a strong solution of car- 
bonaté of ammonia when absorbed by the glands, or 
too great heat suddenly applied to them, or crushing 
them, does not cause the basal part of the tentacles 
to bend, whilst a weak solution of the carbonate, or a 
moderate heat, or slight pressure always induces such 
bending. Similar resulta were observed with Dionma 
and Pinguicula, 

The effect of cutting off with a razor a thin slice 
from one side of the conical apex of 14 young and 
short radicles was next tried. Six of them after being 
operated on were suspended sin damp air; the tips of 
the other cight, similarly suspended, were allowed to 
enter water at a temperature of about 65° FL Tt was 
recorded in each case which side of the apex had 
been aliced off, and when thoy were afterwards 
examined the direction of the curvature was noted, 
before the record was consulted. Of the six radiclos 
in damp air, three had their tips curved after an 
interval of 10h. 15 m. directly away from the sliced 
surface, whilst the other three were not affected and 
remained straight; nevertheless, one of thom after 
18 additional hours became slightly curved from the 
sliced surface. Of the eight radicles with their tips 
immoresed in water, seven wero plainly curved away 
from the slicod surfaces after 10h, 15 m,; and with 
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respect to the eighth which remained quite straight, 
too thick a slice hud been accidentally removed, so 
that it hardly formed a real exception to the general 
result. Whon tho seven radicles were locked at 
after an interval of 23h. from the time of 
slicing, two had become distorted ; four wore deflected 
at an angle of about 70° from the perpendicular and 
from the cut surface; and one was deflected at nearly 
90°, so that it projected almost horizontally, but with 
the extreme tip now beginning to bend downwards 
through the action of geotropism. It is therefore 
manifest thata thin slice cut off one side of the conical 
apex, causes the upper growing part of the radicle of 
this Phaseolus to bend, through the transmitted effects 
of the irritation, away from the sliced surface. 
Dropeolum majus: Sensitiveness of the apee of the 
Radicle to contact,—Little squares of card were attached 
with shellac to one side of the tips of 19 radicles, some 
of which wore subjected to 78’ F., and others to a 
much lower temperature, Only 3 became plainly 
corved from the squares, 5 slightly, 4 doubtfully, 
and 7 not at all. These seeds were, as we believed, 
old, 80 wo procured a fresh lot, and now the results 
were widely different. Twenty-three wore tried in 
the same manner; five of the squares produced no 
effect, but three of these cases were no real exceptions, 
for in two of them the squares had slipped and were 
parallel to the apex, and in the third the shellac was 
in exeess and had spread equally all round the apex. 
One radicle was deflected only slightly from the 
jicular and from the card; whilst seventeen 
were plainly deflected. The angles in several of these 
latter cases varied between 40° and 65° from the 
perpendicular; and in two of them it amounted after 
15h, or 16h. to about 90°. In one instance a loop 
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was nearly completed in 16h. There can, therefore, 
be no doubt that the apex is highly sensitive to slight 
contact, and that the upper part of the mdicle bends 
away from the touching object. 

ium herbaceum: Senoitivencas of the apex of the 


manner ns before, but they proved ill-fitted for our 
purpose, as they soon became unhealthy when sus- 
pended in damp air, Of 38 radicles thus suspended, 
at temperatures varying from 66° to 69° F,, with 
squares of card attached to their tips, 9 were plainly 
and 7 slightly or even doubtfully deflected from the 
squares and from the perpendicular; 22 not being 
affected. We thought that perhaps the above tempera- 
ture was not high enough, so 19 radieles with attached 
aquares, likewise suspended in damp air, were subjected 
to a temperature of from 74° to 79° F., but not one of 
them was acted on, and they soon became unhealthy. 
Lastly, 19 radicles were suspended in water at a tem- 
perature from 70° to 75° F., with bits of glass or 
squares of the card attached to their tips by means of 
Canada-balsam or asphalte, which adhered rather better 
than shellac beneath the water. The radicles did not 
keep healthy for long. The result was that 6 were 
plainly and 2 doubtfully deflected from the attached 
objects and the perpendicular; 11 not being affected, 
The evidence consequently is hardly conclusive, 
though from the two sets of eases tried under a 
moderate temperature, it is probable that the radicles 
aro sensitive to contact; and would be more so under 
fayourable conditions. 

Fifteen radicles which had germinated in friable peat 
were suspended vertically over water, Seven of them 
served as controls, and they remained quite straight 
during 24 bh. Tho tips of the other eight radicles 
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were just touched with dry caustic on one side. After 
only 5 b. 10 m. five of them were slightly curved 
from the perpendicular and from the side bearing the 
little blackish marks, After 8 bh, 40 m., 4 out of 
these 5 wore deflected at angles between 15° and 65° 
from the perpendicular. On the other hand, one 
which had been slightly curved after 5h. 10 m., now 
became straight. After 24 h. the curvature in two 
eases had considerably increased; also in four other 
cases, but these latter radiclee had now become so 
contorted, some being turned upwards, that it could no 
longer be ascertained whether they were still curved 
from the cauterised side, The control specimens ex- 
hibited no such irregular growth, and the two sets 
presented a striking contrast. Out of the 8 mdicles 
which had been touched with caustic, two alone were 
not affected, and the marks left on their tips by the 
caustic were extremely minute. These marks in all 
cases were oval or elongated; they were measured in 
three instances, and found to be of nearly the same 
size, viz. § of a mm. in length. Bearing this fact in 
mind, it should be observed that the length of the 
curved part of the radicle, which had become deflected 
from the cauterised side in the course of 8 h. 40 m,, 
wos found to be in three cases 6, 7, and 9 mm. 


Cucurbita ovifera: Sensitiveness of the apex of the Ra- 
dicle—The tips proved ill-fitted for the attachment of 
cards, ag they are extremely fine and flexible, More- 
over, owing to tho hypocotyls being soon developed 
and becoming arched, the whole radicle is quickly 
displaced and confusion is thus caused, A large 
number of trials were made, but without any definite 
result, excepting on two occasions, when out of 23 
radicles 10 were deflected from the attached squares 


—_ 





170 SENSITIVENESS OF THE APEX = Omar. TIL 





of card, and 13 were not acted on. Rather large 
squares, though difficult to affix, seemed more efficient 
than very small ones. 

We were much more successful with caustic; but in 
our first trial, 15 radicles were too much cauterised, 
and only two became curved from the blackened side; 
the others being either killed on one side, or blackened 
equally all round. Tn our next trial the dried tips 
of 11 mdicles were touched momentarily with dry 
caustic, and after a few minutes were immersed im 
water, The elongated marks thus caused were never 
black, only brown, and about 4 mm. in length, or 
even less, In 4 h. 80 m, after the cauterisation, 6 of 
them were plainly curved from the side with the 
brown mark, 4 slightly, and 1 not at all, The latter 
proved unhealthy, and never grew; and the marks on 
2 of the 4 tly curved radicles were exe 
minute, one being distinguishable only with the 
ofalens. Of 10 control specimens tried in the same 
jars at tho same time, not ono was in the least eu 
In 8h, 40 m. after the cauterisation, 5 of the r 
out of the 10 (the one unhealthy one being omit 
were deflected at about 90°, and 3 at about 45° 
the perpendicular and from the side bearing 
brown mark, After 24 h. all 10 radicles had 
creased immensely in length ; in 5 of them the our 
ture was nearly the same, in 2 it had i 
in 8 it had decreased. ‘The contrast presented by. 
10 controls, after both tho $ bh. 40 m, and the 





chapter on Geotropism wo shall see 
10 ravliclos of this plant were extended horizont 
and beneath damp friable peat, under which « 
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they grow better and more naturally than in damp 
air; and their tips were slightly cauterised on the 
lower side, brown marks about $ mm. in length 
being thus caused. Uncauterisod specimens similarly 
placed became much bent downwards through geo- 
tropism in the course of 5 or 6 hours. After 8 bh. 
only 8 of the cauterised ones were bowed downwards, 
and this ino slight degree; 4 remained horizontal ; 
and 3 were curved upwards in opposition to geo- 
tropism and from the side bearing the brown mark, 
‘Ten other specimens had their tips cauterised at the 
same time and in the same degree, on the upper 
side; and this, if it produced any effect, would tend 
to increase the power of geotropiam; and all these 
radicles were strongly bowed downwards after 8 h. 
From the several foregoing facts, there can be no 
doubt that the cauterisation of the tip of the radicle 
of this Cucurbita on ono side, if done lightly enough, 
pr tho whole growing part to bend to the opposite 
si 

sativus: Sensitiveness of the apex of the 
Padicle—We here encountered many difficulties in 
our trials, both with squares of card and with caustic ; 
for when seeds wore pinned to a cork-lid, many of the 
radicles, to which nothing had been done, grew irre- 
gularly, often curving upwards, as if attracted by the 
damp surface above; and when they were immersed 
in water they likewise often grew irregularly. We 
did not therefore dare to trust our experiments with 
attached squares of card; nevertheless some of them 
seemed to indicate that the tips were sensitive to 
contact. Our trials with caustic generally failed from 
the difficulty of not injuring too groatly the extromely 
fine tips, Out of 7 mdicles thus tried, ono 
bowed after 22 h. at an angle of 60°, a second at 40°, 
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and a third very slightly from the perpendicular and 
from the cauterised side, 


Aiseulus hippocastanum: Sensitivencsa of the apex of 
the Radicle—Bits of glass and squares of card were 
affixed with shellac or gum-water to the tips of 12 
radicles of the horse-chestnut; and when these objects 
foll off, thoy wore refixed ; but not in a single instance 
was any curvature thus caused. These massive 
radicles, one of which was above 2 inches in length 
and *3 inch in diameter at its base, seemed insensible 
to £0 slight a stimulus a3 any small attached object. 
Nevertheless, when the apex encountered an obstacle 
in its downward course, the growing part became so 
uniformly and symmetrically curved, that its appear- 
ance indicated not mere mechanical bending, but 
increased growth ulong the whole conyex side, duc to 
the irritation of the apex. 

‘That this is the correct view may be inferred from 


sored 
semen eo CS BE h.); im three days it stood at 60° from 
the perpendicular; in four prea on the fifth day it was 
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doflectod 69" from tho perpendicular and from the cauterieed 
sido; after eight days tho angle amounted to nearly 90°, 
@) After one day slight deflection, but the cautarisod mark 


(G) After two days vory slight dofloction; but this on the 
day amounted to 66° from the perpendicular and from 

‘the eanterised side. 
(6) After throo days doubtfully, but after four days cortainly 
dofloctod from the canterised side. On the fifth day deflection 


(7) After two days slightly defloctod ; on the third day the 
amonnted to 25° from the perpendicular, and. this 
did not afterwards inoreauo, 

(B) After one day defloction distinct; on tho third day it 
amounted to 44°, and on tho fourth day t0 72° from the perpen- 
dicular and tho canteriaod sido, 

(9) After two days deflection slight, yet distinct; on the 
third day tho tip was again touched on the samo sido with 


increased to 62° from the perpendicular and from the cauterixed 


wide. 

(12) After ono day elight deflection, which on tho eesond day 
amounted to 83°, on the fourth day to 50°, and the sixth day 
to 68° from the porpendicular and the cautorisod side. 


‘other; on the fourth day slightly, and on the sixth day greatly 
‘deflected from the more binckoned side ; the deflection on the 
‘ninth day amounted to 90° from the perpendicular, 

(14.) Whole tip blackened in the sane manner as in the Inst 
ease; on the second day decided deflection from the more 
Dlackened sido, which inercanod on the seventh day to nearly 
90°; on the following day the nudicle appeared unhealthy. 

15.) Hore wo had the anomalous caso of a radicle bonding 
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slightly towards the canterised aide on the first day, and con- 
tinuing to do #0 for the next three days, when the deflection 
amounted to about 90° from the perpendicular. The cause 
appeared to lie in the tondril-like sensitivonoss of tho upper part 
of tho radicle, against which the point of a large triangular flap 
of the seed-coats pressed with considerable foros; and this 
irritation apparently conqnered that from the cauterised apex. 


‘These several cases show beyond doubt that the 
irritation of one side of the apex, excites the upper 
part of the radicle to bend slowly towards the opposite 
side. This fact was well exhibited in one lot of five 
seeds pinned to the cork-lid of a jar; for when after 
6 days the lid was turned upside down and viewed 
from directly ubove, the little black marks made by the 
caustic were now all distinctly visible on the upper 
sides of the tips of the laterally bowed radicles. 

A thin slice was shaved off with a razor from one 
side of the tips of 22 radicles, in the manner described 
under the common bean; but this kind of irritation 
did not prove very effective. Only 7 out of the 22 
rodicles became moderately deflected in from 3 to 5 
days from the sliced surface, and several of the others 
grew irregularly. The evidence, therefore, is far from 
conclusive. 

Quercus robur: Sensitiveness of the apeo of the Radicle, 
—The tips of the radicles of the common oak are fully 
aus sensitive to slight contact as are those of any plant 
examined by us, They romainod healthy in damp air 
for 10 days, but grew slowly. Squares of the card- 
like paper were fixed with shellac to the tips of 15 
radicles, and ten of these became conspicuously bowed 
from the perpendicular and from the squares; two 
slightly, and three not at all. But two of tho latter 
wore not real exceptions, asx they were at first very 
short, and hardly grew afterwards. Some of the more 
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remarkablo cases are worth describing. ‘The radicles 
were examined on cach successive morning, at nearly 
the samo hour, that is, after intervals of 24 h. 


No, I, This radiclo suffored from a series of accidents, and 
acto] in an anomalous manner, for the apex appeared at first 
insenaible and afterwards renaitira to contact. The first equaro 
‘was ottachod on Oot. 19th; on the 21st the 
radicle was not at all curved, and the square Fig. 68. 
wasarcidentally knocked off; it was refixed 
on the 22nd, and tho radiole became slightly 
curved from the square, but the curvature 


sued, and the square was again accidentally 
Knockod off, and refixed. On the morning of 
‘the U7th it was washed off by having reaahed 


No. 3, Square attached on the 19th; on the 21st a trace of 
ourvature from the square, which amounted on the 2nd to 
about 40°, and on the 23rd to 68° from the perpendicular. 

No. 4. Square attached on the Qst: on the 22nd trace of 
curvature from the eyuaro; on the 23nd hooked 
with the point turned up to tho zenith. Three afterwards 
dee ib) corms bad. wholly disappeared and the apex 


ted perpendicularly downwards. 
No. 6. Square attached on tho lst; on tho Bnd decided 


SS 
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though elight curvature from the square; on the 23rd the tip 
had curved up above the horizon, and on the 2ith was hooked 
with the apex pointing almost to the zenith, as in Pig. 68, 

No, 6. Square attached on tho Qikt; on the 22nd slightly 
arvod from the square; 28rd moro curved; 25th cousider- 
ably curved; 27th wll curvature lost, and the mdicle was now 
directed downwards, 

No, 7, Squaro attached on the 2lst; on the 22nd a tence of 
curvature from the square, which increased next day, and on 
the 2th amounted to a right angle. 


It is, therefore, manifest that the apex of the radicle 
of the oak is highly sonsitive to contact, and retains 
its sensitiveness during several days. The movement 
thus induced was, however, slower than in any of the 
previous cases, with the exception of that of Ausculus. 
As with the bean, the terminal growing part, after 
bending, sometimes straightened itself through the 
action of geotropism, although the object still remained 
attached to the tip. 

The same remarkable experiment was next tried, 
‘as in the case of the bean; namely, little squares of 
exactly the same size of the card-like sxndod paper 
and of very thin paper (the thicknosses of which have 
heon given under Vicia faba) were attached with 
shellac on opposite sides (as accurately as could be 
done) of the tips of 13 radicles, suspended in damp 
air, at a temperature of 65°-66° I, The result was 
striking, for 9 out of these 13 radicles became plainly, 
and 1 very slightly, curved from the thick paper 
towards the side bearing tho thin paper. In two of 
these cases the apex became completely hooked after 
two days; in four cases the deflection from the per 
pendicular 


and 15°, It should, ho: 


, 
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in which the deflection was 49°, the two squares 
bad accidentally come into contact on one side of the 
apex, and thus formed a lateral gable; and the deflec~ 
tion was directed in part from this gable and in part 
from thethick paper. Tn three cases alone the radicles 
were not affected by the difference in thickness of the 
squares of paper attached to their tips, and conse- 
quently did not bend away from the side bearing the 
stiffer paper. 

Zea mays: Sensitiveness of the apex of the Radicle to 
contact—A large number of trials were made on this 
plant, as it was the only monocotyledon on which we 
experimented, An abstract of the results will suffice. 
Tn the first. place, 22 germinating seeds were pinned to 
cork-lids without any object being attached to their 
radicles, some being exposed to a temperature of 65° 
66" F., and others to between 74° and 79°; and none of 
therm became curved, though some were a little inclined 
to one side. A few were selected, which from having 
germinated on sund were crooked, but when suspended 
in damp air the terminal part grew straight down- 
wards. ‘This fact having been ascertained, little squares 
of the card-like paper were affixed with shellac, on 
several occasions, to the tips of 68 radicles. Of these 
the terminal growing part of 89 became within 2+ h. 
conspicuously curved away from the attached squares 
and from the perpendicular; 13 out of the 39 forming 
hooks with their points directed towards the zenith, 
and 8 forming loops. Moreover, 7 other radicles out 
of the G8, were slightly and two doubtfully deflected 
from the cards. There remain 20 which were not 
affected; but 10 of these ought not to be counted; 
for one was diseased, two had their tips quite sur- 
rounded by shellac, and the squares on 7 had slipped 
0 a8 to stand parallel to the apex, instead of obliquely 

x 


la 
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on it, There were therefore only 10 out of the 68 
which certainly were not acted on. Some of the 
radiclos which were experimented on were young and 
short, most of them of moderate length, and two or 
three exceeded three inches in length. ‘The eurva- 
ture in the above eases occurred within 24 h., but it 
was often conspicuous within a much shorter period. 
For instance, the terminal growing part of one radicle 
was bent upwards into a rectangle in 8 h. 15 m., and 
of another in 9h. On one occasion a hook was 
formed in 9h. Six of the radicles in a jar containing 
nine seedg, which stood on a sond-bath, raised to 
a temperature varying from 76° to 82° F., became 
hooked, and a seventh formed a complete loop, when 
first looked at ufter 15 hours, 
The accompanying figures of four germinating seeds 
Cie. 60) show, firstly, a radicle (A) the apex of which 
has become so much bent away from the attached 
square as to form a hook. Secondly (B), a hook 
converted through the continued irritation of the 
card, aided perhaps by geotropism, into an almost 
complete circle or loop, ‘The tip in the act of forming 
a loop generally rube against the upper part of the 
nadicle, and pushes off the attached square; the loop 
then contracts or eluses, but never disappears; and 
the apex afterwards grows vertically downwards, being 
no longer irritated by any attached object. This 
frequently oceurred, and ik represented at C. The 
jar above mentioned with the six hooked radicles and 
another jar were kept for two additional days, for the 
sake of observing how the hooks would be modified, 
Most of them became converted into simple loops, 
like that figured at C; but in one ease the apex did 
hot rab against the upper part of the mdicle and thus 
Temove the card; and it consequently made, owing 
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to the continued irritation from the card, two complete 
loops, that: is, a helix of two spires; which afterwards 
became pressed closely together. ‘Then geotropiam 
prevailed and caused the apex to grow perpendicularly 
downwards. In another case, shown at (D), the apex 


Fig. 09 


Zea mays radiclos clita to nd a fromm the little squares of eard 
attached 00 ane side of their tips. 
in making a second turn or spire, passed through the 
first loop, which was at first widely open, and in 
doing 80 knocked off the card; it then grew perpen- 
dienlarly downwards, and thus tied itself into a knot, 
which soon became tight! 


Secondary Radicles of Zea.—A short time after the 
first radicle has appeared, others protrude from the 
x2 


3) 
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seed, but not laterally from the primary one. ‘Ten of 
these secondary radicles, which were directed obliquely 
downwards, were experimented on with very smal] 
squares of card attached with shellac to the lower 
sides of their tips. If therefore the squares acted, the 
radicles would bend upwards in opposition to gravity. 
The jar stood (protected from light) on a sand-bath, 
which varied between 76° and 82° F. After only 
5h. one appeared to be a little deflected from the 
square, and after 20 h. formed a loop. Four others 
were considerably curved from the squares after 20 h., 
and three of them became hooked, with their tips 
pointing to the xenith,—one after 29 h, and the 
two others after 44h, By this latter time o sixth 
radicle bad become bent at a right angle from the side 
hearing the square. Thus altogether six out of the 
ten secondary nudicles were acted on, four not being 
affected. There can, therefore, be no doubt that the 
tips of these secondary radicles are sensitive to alight 
contact, and that when thus excited they cause the 
upper part to bend from the touching object; bat 
generally, as it appears, not in so short a time as in 
the case of the first-formed radicle. 


SENSIviVENRSS OF THE TIP OF THE Ravice To 
Morsr Ane, 

Sachs mado the interesting discovery, a fiw years 
ago, that the mdicles of many seedling plants bend 
towards an adjoining damp surface." We shall here 
endeavour to show that this peculiar form of sensitive- 
ness resides in their tips, The movement is directly 
the reverse of that excited by the irritants hitherto 
considered, which cause the growing part of the 


** Arbeiten des Bot, Institut., ia Worzburg,’ vol. L 1872, p. 209. 
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tadicle to bend away from the source of irritation. 
Tn our ‘iments we followed Sachs’ plan, and sieves 
with seeds germinating in damp sawdust were sus- 
pended go that the bottom was generally inclined at 
40° with the horizon. If the radicles had been acted 
on solely by geotropism, they would have grown out 
of the bottom of the sieve perpendicularly down- 
wards; but as they were attracted by the adjoiming 
damp surface they bent towards it and were deflected 
50° from the perpendicular, For the sake of ascertaine 


oil, so that a thick layer could be applied, which 
would exclude, at least toa large extent, the moist air, 


thing had boea done, growing out of a siove, wore obsarved 
‘ab the same time with those which had their tips greased, 
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‘curved towards theslowe ; and the absauce of eurva- 
ture in come of the others might perhape be accounted for by 
their not having grown very well. But it should be obwarved 
that during the first 19h. to 2th. all grow well; two of them 
having increased 2 and 8 mm. in length in 11h. ; five others 
inereased $ to 8 mm, in 19 h.; and two, which hud been at first 
and 6 mm, in length, increased in 24 h. to 15 and 20 mm. 

‘The tipa of LO racioles, which likowieo grow well, wore coated 
with the grease for a length of only 1 mm,, and now the result 
was somewhat different; for of these 4 curved themselves to 
the sieve in from 21 bh. to 24 h,, whilst 6 did not do ea, 
Five of the Intter were observed for on additional day, and now 
all excepting one became enrved to the sieve. 

‘Tho tips of 6 radiclos wero cautorised with nitrate of silver, 
and about 1 mm, in length was thus destroyed, They wore 


climrly bent towards or ‘or bad coma into contact with the sievas 
2 wore slightly curved in this direction, and 3 not at all. All 
had grown well. es control specimens observed at the same 
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4or5 mm. from the apex, Four of thom were examined after 
2 h., threo after 26 h,, and xix after 86 h., and nono had 
‘been attracted towards the damp lower surface of the sieve. 
In another trial 7 mdiclos wore similarly treated, and 6 of them 
still pointed porpondicularly downwards aftor 1 h., while 
‘Qwere a little carved towards the sieve; by an accident they 
‘were not subsequently observed. In both these trials the 
radicles grow well; 7 of thom, which were at firet from 4 to 
Tl mm. in length, were after 11h, between T and 16 mnn.; 
8 which wore at first from 6 to 8 mm, after 26 h. were 15 
to 18mm. in length; and lnetly, 4 redicles which wero at first 
Sto8 mm. after 46 h. were 18 to 23 mm. in length. The 
control or ungreased radicles were not invariably attracted 
towards the bottom of the aleve, Bat on one occasion 12 out of 
18, which were observed for periods between 22 h. and 36 b., 
were thus attracted. On two other occusions taken’ together, 
38 ont of 40 wero nimilarly attracted. On onother occasion 
only 7 out of 14 behaved in this manner, but afer two more 
days the proportion of the curved inereased to 17 ont of 23. 
On o Jost occasion only 11 out of 20 were thus attracted. If 
wo add up these nomber, we find that 79 out of 96 of the 
control specimens curved themeclves towards the bottom of the 
fiove. Of tho specimens with greased tips, 2 alone out of the 
20 (but 7 of these were not observed for  sufleiently long 
time) thus curved themsolves, We can, thereforo, hardly doubt 
‘that the tip for a length of 2 mm. ia the part which in sonsitive 
tom moist atmosphere, and causes the upper part to beud 
towards ite souree. 

‘The tips of 14 mdicles were cautcrised with nitrate of silver, 
aud they grew as well as those above described with greased 
tips. After an interval of 24 h., 9 of them were not at all 
curved towards the bottom of the sieve; 2 wore curved towards 
it at angles of 20° and 12° from their former vertical position, 
and 4 had come into close contact with it, hus the destruc 
tion of the tip for a length of about 1 mm. prevented the eurva- 
ture of the greater number of these radicles to the adjoining 
damp eurfnco, Of 24 control specimens, 23 ware bent to the 
seve, and on a eccond occasion 15 out of 16 wor similarly 
curved in a greater or less degrx, These control trials are 
included in those given in the foregoing paragraph, 

‘Avena sativ—The tips of 13 radioles, which projected 
between 2 and 4 mm. from the bottom of the sieve, many of 





were examined after 22 h., and a few after 25 b., 
and within these intervals they had grown eo quickly as to havo 
nearly doubled their lengths. With the ungreased radicles the 
cchivf xont of curvature ix at a distance of not less thin between 
‘85 and $5 mm,, and not more than between 7 and 10 mm. from 
tho apex. Oat of the 18 radicles with greasod tips, 4 had not 


Joss effect than in tho case of the oats, Aftor 22h, Sof them 
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of the air may have caused the difference in the results at the 
‘two poriodx. 

Finally, the facts just given with respect to Phaseolus 
multijlorus, Vicia faba, and Avena sativa show, us it 
seems to us, that # layer of grease spread for « length 
of 1} to 2mm. over the tip of the radicle, or the 
destruction of the tip by caustic, greatly lessens or 
quite annuls in the upper and exposed part the power 
of bending towards « neighbouring source of moisture, 
We should bear in mind that the part which bends 
most, lies at some little distance above the greased or 
eauterised tip; and that the rapid growth of this part, 
proves that it has not been injured by the tips having 
‘been thus treated. In those eases in which the radicles 
with greased tips became curved, it is possible that the 
Spel of grease was not sufficiently thick wholly to ex- 

clude moisture, or that a sufficient length was not thus 
protectod, or, in the case of tho caustic, not destroyed. 
‘When radicles with greased tips are left to grow for 
several days in damp air, the grease is drawn out into 
the finest reticulated threads and dots, with narrow 
portions of the surface left clean. Such portions 
would, it is probable, be able to absorb moisture, and 
thus we ean aceount for several of the radicles with 
greased tips having become curved towards the sieve 
after an interval of one or two days. On the whole, 
we may infer that sensitivencss to a difference in the 
amount of moisture in the air on the two sides of a 
radicle resides in the tip, which transmits some influs 
ence to the upper part, causing it to bend towards the 
source of moisture. Consequently, the movement is 
the roverse of that caused by objects attached to one 
side of the tip, or by a thin slice being cut off, or by 
being slightly eauterised. Tn a futuro chapter it 
will be shown that sensitiveness to the attraction of 
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gravity likewise rosides in the tip; so that it is the 
tip which excites the adjoining parts of w horizontally 
extended radicle to bend towards the centre of the 
earth. 


Sxcoxpany Raprones skcomma veeTicanty Gxo- 
TROVIC BY THE DESTRUCTION OR INJURY OF THE 
Tenmuxat Pant or raz Primary Rapicie. 


Sachs has shown that tho lateral or secondary 
radicles of the bean, and probably of other plants, are 
acter on by geotropism in so peculiar a manner, that 
they grow out horizontally or a little inclined down- 
wards; and he has further shown” the interesting fact, 
that if the end of the primary radicle be ent off, one 
of the nearest secondary radicles changes its nature 
and grows perpendicularly downwards, thus replacing 
the primary mdicle, We repented this experiment, 
and planted beans with amputated mdicles in friable 
peat, and saw the result described by Sachs; but 
generally two or three of the secondary radicles grew 
perpendicularly downwards. We also modified the 
experiment, by pinching young radicles a little way 
above their tips, between the arms of a U-shaped 
piece of thick leaden wire. The part pinched was 
thus fluttoned, and was afterwards provented from 
growing thicker. Five radicles had their ends cut 
off, and served as controls or standards, Hight were 
pinched ; of these 2 were pinched too severely and 
their ends died and dropped off; 2 were not pinched 
enough and were not sensibly affected ; the remaining 
4 were pinched sufficiently to check the growth of 
the terminal part, but did not appear otherwise injured. 
When the U-shaped wires were removed, after an 
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interval of 15 days, the part beneath the wires was 
found to be very thin and easily broken, whilst the 
part above was thickoned. Now in these four cases, 
one or more of the secondary radicles, arising from 
the thickened part just above the wire, had grown 
perpendicularly downwards. In the best case the 
primary radicle (the part below the wire being Ly inch 
in length) was somewhat distorted, and was not half 
as long as three adjoining secondary radicles, which 
had grown vertically, or almost vertically, downwards. 
Some of these secondary radicles adhered together or 
had become confluent. We learn from these four cases 
that it is not necessary, in order that a secondary 
tadicle should assume the nature of a primary one, 
that the latter should be actually amputated ; it ix 
sufficient that the flow of sap into it should be 
checked, and consequently should be directed into the 
adjoining secondary radiclesa; for this seems to be 
the most obvious result of the primary radicle being 
pinched between the arms of a U-shaped wire. 

This change in the nature of secondary radicles is 
clearly analogous, as Sachs has remarked, to that 
which oceurs with the shoots of trees, when the leading 
one is destroyed and is afterwards replaced by one or 
more of the lateral shoots ; for these now grow upright 
instead of sub-horizontally. But in this latter case 
the lateral shoots are rendered apogeotropic, whereas 
with radicles the lateral ones are rendered geotropic. 
We are naturally led to suspect that the same cause 
acts with shoots as with roots, namely, an increased flow 
of sap into the lateral ones. We made some trials with 
Abies communis and pectinata, by pinching with wire 
the leading and all the lateral shoots excepting one, 
But we believe that they were too old when expori- 
mented on; and some were pinched too severely, and 
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some not enough. Only one case succeeded, namely, 
with the spruce-fir. The leading shoot was not killed, 
but its growth was checked; at its base there were 


by Sept. 8th the unpinched one had risen 35°; by 
Oct. 4th it bad risen 46°, and by Jan. 26th 48°, and 
it had now become a little curved inwards. Part 
of this rise of 48° may be attributed to ordinary 
growth, for the pinched shoot rose 12° within the same 
period. It thus follows that the unpinched shoot 
stood, on Jan. 26th, 56° above the horizon, or 34° 
from the vertical; and it was thus obviously almost 
ready to replace the slowly growing, pinched, lead- 
ing sl shoot. _ Nevertheless, we feel some doubt about 


A widely different agency not rarely causes shoots 
which naturally would have grown out horizontally to 
Fone. ‘The lateral branches of the Silver 

ir (A. peetinata) are often affected by » fungus, 
Abxidium datinum, which causes the branch to enlarge 


ginning to elongate, the shoot developed from it 
grows vertically upwards, Such upright shoots after- 


sp bis aabe artsle tn arm called in Geman * Hexen 
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wards produce lateral and horizontal branches; and 
they then present a curious appearance, as if « young 
fir-tree had grown out of a ball of clay surrounding 
tho branch. These upright shoots have manifestly 
changed their nature and become apogeotropic; for if 
they had not been affected by the Aucidium, they 
would have grown out horizontally like all the other 
twigs on the same branches. This change can hardly 
be due to an increased flow of sap into the part; but 
the presence of the mycelinm will have greatly dis- 
turbed its natural constitution, 

According to Mr. Mechan,* the stems of three 
species of Euphorbia and of Portulaca oleracea are 
“normally prostrate or proeumbent ;” but when they 
are attacked by an Avcidinm, they “assume an erect 
habit.” Dr. Stahl informs us that he knows of several 
wnalogous cases; and these seem to be closely related 
to that of the Abies, The rhizomes of Sparganium 
vamosum grow out horizontally in the soil to a con- 
siderable length, or are diageotropie ; but F. Elfving 
found that when they were cultivated in water 
their tips turned upwards, and they became apogeo- 
tropic. The same result followed when the stem of the 
plant was bent until it eracked or was merely much 
bowed.t 

No explanation has hitherto been attempted af such 
cases as the foregoing,—namely, of secondary radicles 
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the primary radicle or of the leading shoot. The 
following considerations give us, as we believe, the 
clue. Firstly, any cause which disturbs the con- 
stitution is apt to induce reversion; such as the 
crossing of two distinet races, or a change of con- 
ditions, ns when domestic animals become feral. 
But the case which most concerns us, is the frequent 
of peloric flowers on the summit of a stem, 
or in the centre of the inflorescence;—parts which, it is 
believed, receive the most sap; for when an irregular 
flower becomes perfectly rogular or peloric, this may 
be attributed, at least partly, to reversion to a primi- 
tive and normal type. IEven the position of a seed at 
the end of the capsule sometimes gives to the seedling 
developed from it a tendency to revert. Secondly, 
reversions often oceur by means of buds, independently 
of reproduction by seed; 0 that a bud may revert to 
the character of a former state many bud-generations 
ago. In the ease of animals, reversions may occur in 
the individual with advancing age. Thinlly and 
lastly, radicles when they first protrude from the seed 
are always gootropic, and plumules or shoots almost 
always apogeotropic. If then any cause, such as an 
inereased flow of sup or the presence of mycelium, 
disturbs the constitution of a lateral shoot or of a 
scoonary radicle, it is apt to revert to its primordial 
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sible, or even probable, that this tendency to reversion 
may have been increased, as it is manifestly of service 
to the plant, 


Summary or CHAPTER, 

A part or organ may be called sensitive, when ita 
irritation excites movement in an adjoining part, Now 
it has been shown in this chapter, that the tip of the 
radicle of the bean is in this sense sensitive to the 
contact of any small object attached to one side by 
shellac or gum-water; also to # slight touch with dry 
caustic, and to a thin slice cut off one side, The 
radicles of the pea were tried with attached objects 
and caustic, both of which acted. With Phaseolus 
omultiflorus tho tip was hardly sensitive to small squares 
of attached card, but was sensitive to caustic and to 
slicing. The radicles of Tropmolum were highly sen- 
sitive to contact; and so, as far as we could judge, 
were those of Gossypium herbacewm, and they were 
certainly sensitive to caustic. The tips of the radicles 
of Cucurbita ovifera were likewise highly sensitive to 
caustic, though only moderately so to contact. Ra- 

sativus offered a somewhat doubtful case. 
With ZEscnlus the tips were quite indifferent to 
bodies attached to them, though sensitive to caustic. 
Those of Quercus robur and Zea mays werw highly: sen- 
sitive to contact, as were the radicles of the Intter 
to caustic, In several of these cases the difference in 
sensitivences of tho tip to contact and to caustic was, 
ax we believe, merely apparent ; for with Gossypium, 
Raphanus, and Cucurbita, the tip was so fine and 
flexible that it was very difficult to attach any object 
to one of its sides. With the radicles of Aseulus, 
the tips were not at all sonsitive to small bodice 
attached to them; but it does not follow from this 
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fact that they would not have been sensitive to some- 
what greater continued pressure, if this could have 
been applied. 

‘The peculiar form of sensitiveness which we are 
here considering, is confined to the tip of the radicle 
for a length of from Imm. to 1-5 mm. When this 
part is irritated by contact with any object, by caustic, 
or by a thin slice being cut off, the upper adjoining 
part of the radicle, for a length of from 6 or 7 to 
even 12 mm., is exeited to bend away from the side 
which has been irritated. Some influence must thero- 
fore be transmitted from the tip along the radicle for 
this length. The curvature thus caused is generally 
symmetrical, he part which bends most apparently 
coincides with that of the most rapid growth. The 
tip and the basal part grow very slowly and they 
bend very little. 

Considering the widely separated position in the 
vegetable series of the several above-named genera, 
we may conclude that the tips of the radicles of all, or 
almost all, plants are similarly sensitive, and transmit 
an influence causing the upper part to bend. With 
respect to the tips of the secondary radicles, those of 
Vicia faba. Pisum sativum, und Zea mays were alone 
observed, and they were found similarly sensitive. 

In order that these movements should be properly 
displayed, it nppears necessary that tho radicles 
should grow at their normal rate, If subjected to a 
high temperature and made to grow rapidly, the 
tips seem either to lose their sensitiveness, or the 
upper part to lose the power of bending. So it 
appears to be if they grow very slowly from not being 
vigorous, or from being kept at too low a temperature ; 
also when they aro forced to germinate in the middle 
of tho winter, 
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‘The curvature of the radicle sometimes ocours 
within from 6 to 8 hours after the tip has been irritated, 
and almost always within 24 h., excepting in the 
case of the massive radicles of Adsculus. The curva- 
ture often amounts to a rectangle,—that is, the ter 
minal part bends upwards until the tip, which is but 
Hittle curved, projects almost horizontally, Ocea- 
sionally the tip, from the continued irritation of the 
attached object, continues to bend up until it forms a 
hook with the point directed towards the zenith, or 
a loop, or evon a spire, After a timo the radicla 
apparently becomes accustomed to the irritation, as 
occurs in the case of tendrils, for it again grows down- 
wards, although the bit of card or other object may 
romain attached to the tip, 

It is evident that a small object attached to the free 
point of a vertically suspended radiclo can offer no 
mechanical resistance to its growth as a whole, for the 
object is carried downwards as the radicle elongates, 
or upwards as the radicle curves upwards, Nor can 
tho growth of the tip itself be mechanically chocked 
by an object attached to it by gum-water, which 
remains all the time perfectly soft. ‘The weight of 
the object, though quite insignificant, is opposed 
to the upward curvature, Wo may therefore conclude 
that it is the irritation due to contact which excites 
the movement. Tho contact, however, must be pro- 
longed, for the tips of 15 madicles were rubbed for a 
short time, and this did not cause them to bend. Here 
then we have a case of specialised sensibility, like 
that of the glonds of Drosera; for these are ex- 
quisitely sensitive to the slightest pressure if prolonged, 
but not to two or three rough touches. 

When the tip of a radicle is lightly touched on one 
‘side with dry nitrate of silyer, the injury caused is 

° 
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vory slight, and the adjoining upper part bends away 
from the cauterised point, with more cortainty in most 
cases than from an object attached on one side. Here 
it obviously is not the mere touch, but the effect 
produced by the caustic, which induces the tip to 
transmit some influence to the adjoining part, causing 
it to bend away. If one side of the tip is badly 
injured or killed by the caustic, it ceases to grow, 
whilst the opposite side continues growing ; and the 
result is that the tip itself bends towards the injured 
side and often becomes completely hooked ; and it is 
remarkable that in this case the adjoining upper part 
does not bend. The stimulus is too powerful or the 
shock too great for the proper influence to be trans- 
mitted from the tip, We have strictly analogous cases 
with Drosera, Dionma and Pinguicula, with which 
plants a too powerful stimulus does not excite the 
tentacles to become incurved, or the lobes to close, or 
the margin to be folded inwards, 

With respect to the degree of sensitiveness of the 
apex to contact under favourable conditions, we haye 
seen that with Vieia faba « little square of writing. 
paper affixed with shellac snfliced to cause move- 
ment; as did on one occasion a square of merely 
damped goldbeeters’ skin, but it acted very slowly. 
Short bits of moderately thick bristle (of which mon- 
surements have been given) affixed with gum-water 
acted in only three out of eleven trials, and beads of 
dried shellac under g}gth of a grain in weight acted 
only twice in nine cases; so that here wo have 
nearly reached the minimum of necossary irrite- 
tion, The apex, therefore, is much less sensitive to 
presure than the glands of Drosera, for these are 
affected by fat thinner objocts than bits of bristle, 
and bya very much less weight than gfyth of a grain. 
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But the most interesting evidence of the delicate 
sensitivencss of the tip of the radicle, was afforded by 
its powor of discriminating betwoon oqual-sized squares 
of card-like and very thin paper, when these were 
attached on opposite sides, as was observed with the 
madieles of the bean and oak. 

When radicles of the bean are extended horizon- 
tally with squares of card attached to the lower sides of 
their tips, the irritation thus caused was always con- 
qnered by geotropism, which then acts under the most 
favourable conditions at right angles to the radicle. 
But when objects were attached to the radicles of any 
of the above-named genora, susponded vertically, the 
irritation conquered geotropism, which latter power 
at first acted obliquely on the radicle; so that the 
immediate irritation from the attached object, aided 
by its after-effects, prevailed and caused the radicle 
to bend upwards, until sometimes the point was 
directed to the zenith. We must, however, assume 
that the after-effects of the irritation of the tip by an 
attached object come into play, only after movement 
has been excited. The tips of the radicles of the pea 
seem to be more sensitive to contact than those of the 
bean, for when they were extended horizontally with 
squares of card adhering to their lower sides, @ most 
curions struggle occasionally arose, sometimes one 
and sometimes the other force prevailing, but ulti- 
mately gootropism was always victorious; neverthe- 
less, in two instances the terminal part became so 
much curved upwards that loops were subsequently 
formed. With the pea, therefore, the irritation from 
an attached object, and from geotropiam when acting 
at right angles to the radicle, are nearly balanced 
forces. Closely similar results were observed with the 
horizontally extended radicles of Cucurbita ovifera, 
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be noma wore slightly cauterised on the lower 


Finally, the several co-ordinated movements by 
which mdicles are enabled to perform their proper 
functions are admirably perfect. In whatever direc- 
tion the primary radicle first protrudes from the seed, 
geotropism guides it perpendicularly downwards; and 
the capacity to be acted on by the attraction of 
gravity resides in the tip. But Sachs has 
that the secondary radicles, or those emitted by the 
primary one, are acted on by geotropism in such a 
manner that they tend to bend only obliquely down- 
wards. If they had been acted on like the primary 
radicle, all the radicles would have penetrated the 
ground in a close bundle. We have seen that if 
the end of the primary mdicle is cut off or ine 
jured, the adjoining secondary radicles become geo- 
tropic and grow vertically downwards, ‘This power 
must often be of great service to the plant, when the 
primary radicle has been destroyed by the larve of 
insects, burrowing animals, or any other accident. ‘The 
tertiary radicles, or those emitted by the secondary 
ones, are not influenced, at least in the case of the 
bean, by geotropism; so they grow out freely in all 
directions. From this manner of growth of the various 
kinds of radicles, they are distributed, together with 
their absorbent hairs, throughout the surrounding soil, 
as Sachs has remarked, in the most adyantageous 
manner ; for the whole soil is thus closely searched. 

Geotropism, as was shown in the last chapter, 
excites the primary radicle to bend downwards with 
very little foree, quite insufficient to penotrate the 
ground. Such penetration is effected by the pointed 
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apex (protected by the root-cap) being pressed down 
by the longitudinal expansion or growth of the ter- 
minal rigid portion, aided by its transverse expan- 
sion, both of which forces act powerfully. It is, 
however, indispensable that the seeds should be at 
first held down in some manner. When they lie 
‘on the bare surface they are held down by the attach. 
ment of the root-hairs to any adjoining objects; and 
this apparently is effected by the conversion of 
their onter surfaces into a cement. But many seeds 
get covered up by various accidents, or they fall into 
crevices or holes. With some seeds their own weight 
euffices. 
The circumnutating movement of the terminal grow- 
both of the primary and secondary radicles 
is so feeble that it can nid them very little in pene- 
trating the ground, excepting when the superficial 
layer is very soft and damp. But it must aid them 
materially when they happen to break obliquely into 
cracks, or into burrows made by earth-worms or larvee. 
This movement, moreover, combined with the sen- 
sitiveness of the tip to contact, can hardly fail to be 
of the highest importance; for a3 the tip is always 
endeavouring to bend to all sides it will press on all 
sides, and will thus be to discriminate between 
the harder and softer adjoining surfaces, in the same 
manner as it discriminated between the attached 
squares of card-like and thin paper, Consequently it 
will tend to bend from the harder soil, and will thus 
follow tho lines of least resistance. So it will be if it 
meets with a stone or the root of another plant in the 
soil, as must incessantly occur. If the tip were not 
sensitive, and if it did not excite the upper part of the 
root to bend away, whenever it encountered at right 
angles some obstacle in the ground, it would be liable 
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to be doubled up into a contorted mass. But we have 
seen with radicles growing down inclined plates of 
glass, that ag soon as the tip merely touched a alip of 
wood cemented across the plate, the whole terminal 
growing part curved away, so that the tip soon stood 
wt right angles to its former direction; and thus it 
would be with an obstacle encountered in the ground, 
ag far as the pressure of the surrounding eoil would 
permit. We can also understand why thick and strong 
radicles, ike those of Avseulus, should be endowed 
with less sensitiveness than more delicate ones; for 
the former would be able by the force of their growth 
to overcome any slight obstacle. 

After a radicle, which has been deflected by some 
stone or root from its natural downward course, 
reaches the edge of the obstacle, geotropism will direct 
it to grow again straight downward; but wo know that 
geotropism acts with vory little forco,and here another 
excellent adaptation, as Sachs has remarked,* comes 
into play. For the upper part of the radicle, a little 
above the apex, is, as we have seen, likewise sensitive; 
and this sensitiveness causes the radicle to bend like a 
tondril towarda the touching object, ao that as it rabs 
over the edge of an obstacle, it will bend downwards ; 
and the earvature thus induced is abrupt, in whieh 
respect it differs from that caused by tho irritation of 
one side of the tip. This downward bending coincides 
with that due to geotropism, and both will cause the 
root to resume its original course. 

As radicles perceive an excess of moisture in the air 
on one side and bend towards this side, we may infer 
that they will act in the same manner with respect to 
moisture in the earth, The sensitivences to moisture 
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resides in the tip, which determines the bending of 
the upper part. This capacity perhaps partly aceounts 
for the extent to which drain-pipes often become 
choked with roots. 
Considering the several facts given in this 

we seo that the course followed by, a root through 
the soil is governed by extraordinarily complex and 
diversified agencies;—by geotropism acting in a 
different manner on the primary, secondary, and ter- 
tiary radicles,—by sensitiveness to contact, different in 
kind in the apex and in tho part immediately above 
the apex, and apparently by sensitiveness to the 
varying dampness of different parts of the soil. 
These several stimuli to movement are all more 
powerful than geotropism, when this acts obliquely 
‘on a radicle, which has been deflected from ita perpen- 
dicular downward course, The roots, moreover, of 
most plants are excited by light to bend either to or 
from it; but as roots are not naturally exposed to the 
light it is doubtful whether this sensitiveness, which is 
perhaps only the indirect result of the radicles being 
highly sensitive to other stimuli, is of any service to 
the plant. The direction which the apex takes at each 
successive period of the growth of a root, ultimately 


‘determines its whole course; it is therefore highly 


important that the apex should pursue from the first 
the most alvantageous direction; and we can thus 
understand why sensitiveness to gootropism, to contact 
and to moisture, all reside in the tip, and why the tip 
determines the upper growing part to bend either 
from or to the exciting cause. A radicle may be 
compared with a burrowing animal such as a mole, 
which wishes to penetrate perpendicularly down into 
the ground. By continually moving his head from 
side to side, or circumnutating, he will feel any stone 
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or other obstacle, as well as any difference in the 
hardness of the soil, and he will turn from that side; 
if the earth is damper on one than on the other side 
he will turn thitherward os a better honting-ground. 
Nevertheless, after cach interruption, guided by the 
sense of gravity, he will be able to reeover his down- 
ward course wud to burrow to a greater depth. 
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‘Circammutation of wteme: concluding romarke on—Ciroumnutation of 
stolons: aid thus offorded in winding amonget the stems of wur- 
rounding plaute—Cixcurnnstation of flower-sterme—Cireumnutation 
of Dicotyledoncun leaves—Singular oscillatory movement of leaves 
of ome arrle of Cannabis sink of hensaroeid of Gymno- 


sperms—Of Monocotyledone—Cryptogains—Cone! 
Cpe aretrery generally rise in the orentng and 
fink in the morning. 

We have seen in the first chapter that the stems of all 
soedlings, whether hypocotyls or epicotyls, as well as 
the cotyledons and the radicles, aro continually cir- 
cumnutating—that is, they grow first on one side and 
then on another, such growth being probably preceded 
by increased turgescence of the cells, As it was 
unlikely that plants should change their manner of 
growth with advancing age, it seemed probable that 
the various of all plants at all ages, as long as 
they continued to grow, would be found to ciream- 
nutate, though perhaps to an extremely small extent. 
As it was important for us to discover whether this 
was the case, we determined to observe carefully 
certain number of plants which were growing vigar= 
ously, and which were not known to move in any 
manner. We commenced with stems. Observations 
of this kind aro tedious, and it appeared to us that it 
would bo sufficient to observe the stems in about « 
score of genvra, belonging to widely distinct families 
and inhabitants of varions countries. Seyeral plants 
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were selected which, from being woody, or for other 
reasons, seemed the least likely to circumnutate. The 
observations and the diagrams were made in the 
manner described in the Introduction. Plants in pots 
were subjected to a proper temperature, and whilst 
ing observed, were kept either in darkness or were 
feebly illuminated from above. They are arranged 
in the order adopted by Hooker in Le Maout and 
Decaisne's * System of Botany.’ The number of the 
family to which each genus belongs is appended, as 
this serves to show the place of each in the series. 


(L) Peris umbettata (Cruciferm, Fam. 14).—The movement of 
tho stom of a young plant, 4 inchos in height, consisting of 
four internodes (the hypocotyl included) besides a large bud 


Fig. 70, 


=) 


Tiers enbellsia: oiroumoutation of stem of young plant, traced from 
8.90 4.x. Sep. 13th to mame hour ov following maming. Distance af 


on tho wummit, was traced, as hero shown, during 24 h. 
(Pig 70), As far ws we could judge the uppermost inch alone 
of the stam cirenmnntated, and this in a simple manner. Tho 
movement was slow, and the rmto very unequal at different 
times. In part of its courso an irregular cllipso, or rather 
triangle, wax comploted in 6h, 30:x. 

(2) Brosvioa cleracea (Crucifora)—A very young plant, bearing 
reir faible ehcp tbe lene Data eke e od 
ipa ‘8 microscope, furnished with 

an cyo-picce micrometer, and tho tip of tho largest leaf wae 
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poe abl sree abet It crossed fivo divisions of 

the micrometer, that is, yfqth of an inch, in 6 m. 206. There 
ould hardly be a donbt that it wns tha stem which chiefly 
moved, for tho tip did not got quickly out of focus; and this 
would have occurred had the movement been confined to the 
Jeaf, which moves up or down in nearly the sare vertical plane, 

(3) Linum usitatisvimum (Lines, Faro. 39)—The stems of this 
plant, shortly fore tha dowecing pevod, are sated by Pte 
‘Muller (‘Jonnisch Zeitschrift,’ B. v. p. 187) to revolve, or 
circummutate, 

(4.) Pelargonium somate (Geranincow, Fam. 47)—A young 
plant, 74 inches in height, was observed in the usual manner ; 
but, im order to sco the bend at the end of the gloss filament 


Rig. 71. 


srseipast, 
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FPeargonun sonae; ereamntation of ten of young, plant, feb ue 
minated from above. Movement of sified about 11 times 5 
traced on a horizontal glass from mes larch Oth to 8 A.3, om 
the 11th. 


and at the same time the mark beneath, it was necessary to cut 
off three leaves on one side. We do not know whethor it was 
owing to this causo, or to the plant having previously become 
bent to one side through heliotropism, but from the morning of 
the 7th of March to 10.30 Pot. on the 8th, the stem moved 
fs considemblo distance in a zigeng line in the samo general 
direction. During the night of tho Sth it moved to some 
distance at right angles to ita former course, and next morning 
(Sth) stood fora time almost still. At noon on the 9th a now 
tracing was begun (seo Fig. 71), which was continued till 8 ar. 
on the Lith, Botween noon on the th and 5 par. on the 10th 
(i.e. in tho course of 29 h.), the stem described a circle, This 
ie toi arapizoieins wok a very slow mate, and to a 


bare ia, majus (?) (Avwarfed rar, called Tom Thumb) ; 
(Geraniacew, Fara. 47).—The species of this genus climb by: 
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‘sid of thoir sensitive potioles, but somo of thom also twine 
round supports; bat even these latter species do not begin to 
cireumnutate in & conspicuous manner whilst young. The 


Fig. 72, 


es 


a. 
maajus(2): clreumnwtation of stem of young plant, traced on a 
izontal glass from Speer rt Rete oid ‘Morerment 
‘of bead magnified about 5 tines, and here reduced to half of original 
ele, 


variaty hare treated of has a rather thick stem, and is so dwarf 
‘that apparently it doos not climb in nny manner, Wo thero- 
fore wished to ascertain whother the stem of a young plant, 
consisting of two ine 

Mig. 73, ternodee, together 8° 

inches in height, ele 

cumnntated, It wae 

obsorred during 25 h., 

and we wee in Fig. 72 

that the stem moved in 


(6.) Trifolium ee 
wotem  (Leguminoem, 
Fam. 75).— When we 
treat of the sleop of 
Persariakeet ee 

the stems in several 


Breatly magniticl, tednoed to it he 
tigen Pant Perey Ts a peda besten 


in aconspicnousmannor. 
‘We will hore give only a single Instance (Pig. 73), showing 
tho cirenmnutation of the stem of a large plant of n clovor, 
‘Trifdlivn resupinatum, In the course of 7h, the stom changed 
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‘its course greatly eight times and completed threo ixrogular « 
circles or ellipses. Ib therefore circumnutated rapidly, Somo 
of the lines run at right angle to one another, 


Pig. 74. 





Eetus (oybrid): circumnutation of stem, traced on horizontal glass from 
47, March 14th to 9.80 4.8, 16th, ‘Trcing much magnified, re~ 
duced to half of original size. Plant illuminated feebly from above. 


(7) Rubus idous (hybrid) (Rosacem, Fam. 76)—As we hape 
to have n young plant, 11 inches Hig. 5, 
in height and growing vigorously, 
which had been raixed from m cross 
between tho raspberry (Jubus sdocws) 
and a North American Rubus, it was 
observed in the usual manner. During 
th morning of March 14th the stem 
almost complotod o circle, and then 
moved far to the right. At 4 pat. it 
reversed its course, and now a fresh 
tracing was begun, which was con~ | 
tinued daring 40} h., and is given in 
Fig. 74, Wo hore have well-marked 
oizeummutation. 
(8) Deutsia gracitls (Saxifragem, 
Fam. 77).—A shoot on a bush about 
Fppracs hoight was obsorvod, ‘Tho 
changed its course greatly eleven pevpeis gruvitie: . 
times in tho comme of 10h. 30m, “tative” ater Sart in 
(Fig, 75), and there could bo no dirkness, traced om hori- 
Moubt about the cirowmnutation of the ntl Slash from sso 
atom. “ _., _ Moveinent of bead origin 
(9) #veksie (greonhouso var, with ally saguifed sbout 20 
large flowers, probably'a hybrid) (Ons- times ‘here reduced ta 
gen, Fam. 100)—A young plant, 
inches in height, was observed during nearly 48 h, The 
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eens ERE TD) etait camer pasties, 


stem cireumnutnted, though rather 
neta 


Fig. 78. 


C7» 


aN 


Fuoksia (garden var): eireumantation of stem, kept mn darkness, trace! en 
horizontal gles, from 8.30 A. to 7 rat, March 20th, Morement of 
head originally magnified aboat 40 times, bere reduced to half scale. 


10.) Cereus speetocisvimus (garden var., sometimes enlled 
Phyllocactus multiforns) (Cactow, Fam. 109).— ‘This plant, 


ro 

few days before from the greenhouse to the hot-house, was 
obscrved with espocial interest, ax it socmed #0 little probable 
that the stem would eircumantate. The branches are flat, or 
finkelliform; bmt some of them are triangainr fn section, with 
‘tho threo sides hollowed out, A branch of this latter shape, 
9 inches in length and 1) in diameter, was chosen for obesrra- 
tion, as less likely to cireummntate than = flabelliform branch. 
‘The movement of tho bond at the ond of tho glass filament, 
affixed to the sammit of the branch, was traced (A, Fig. 97) 
from 9.23 Ast. to 4.50 rt. on Noy. 28nd, during which timo it 

its course greatly six times, On the 2ith another 
trecing was made (sce TD), and the bead on this day changed ite 
course oftencr, making in 8h. what may be considered as four 
ollipsos, with their longer axes clifforently directed. ‘The position 
of tho stem and its commencing course om the 
morning ure likewise shown, 'Thore can be no doubt that this 
branch, though appearing quite rigid, clrcumnutated; bat the 


i 
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‘oxtrome amount of movement during the timo was vory small, 
probably rather leas thau the yyth of an inch, 


Fig. 77. 





‘to be apheliotropic, and several seedlings growing in 
the greemhouse became bent in the 

Tight angles from the light. On Sept. nd some of these 
were tied op so ax to stand vertically, and were placed before 
a north-cast window; but to our surprise they were now 
decidedly heliotropic, for during 4 days they curved them- 
welves towards the light, and their course being traced on a 
horizontal glass, was strongly zigzag. During the 6 rucceod- 
ing days they elrcummutated over the same 

alow rate, but there could be no doubt about their cireummuta- 
tion, ‘Tho plants wore kept exactly in tho same place baforo tho 
window, and after an interval of 15 days the stems wero 
again observed during 2days and their movements traced, and 
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‘they were found to be still circummutating, but on a yot smaller 
aoale, 


(22) Gazonia ringeas (Composit, Fam, 122)—The ciroum- 
‘nutation of the stem of a young plant, 7 inches in height, ae 
measured to the tip of the highest leaf, was traced during 
88 h, and is shown in the accompanying figure (Fig. 78). ‘Two 


Fig. 78, 
o'srqnzet 
am 218 ef 
4 
f / 
f 
/ 
87 pan set 


Gosavia ringens : circumnutation of stem traced from 9 Ax. March 21a 
to 6 pat, on 22nd; plant kept in darkness, Movement of bead at the 
close of the ctwervations magnitied 4 times, here redaced to half the 
original scale, 

rnin Hnes may bo observed running at nearly right anglos to 

two other main lines; but these are interrupted by small 


loo] 
a) Asalea Indica (Ericinem, Fam, 128).—A bush 21 inches 


Qk) Plumbago Cupensis (Plumbaginem, Fam. 194).—A small 
Jateral branch which projected from a tall freely growing tush, 
ist an angle of 86° above the horizon, was eelocted for obser 
vation. For the first 11h. it moved to a considerable distance 
in a nearly stnaight line to ono side, owing probably to its 
having been provionsly hy tho light whilst standing in 
eee At 7.20 rot, on March 7th a frosh tracing was 

continued for the next 48 h. 40 m. (see Fig. 80). 
thes SS RLAORUGHOD DEES toe ans tmetiorren 
and then changed it @ little; during the night it 
mt nearly right angles to its previous course, Next 







Guar TV. OIRCUMNUTATION OF STEMS. 209 


day (Sth) it rigzagged grently, and on the 9th moved irregu- 
larly round and round # small circular space. By 8 par. on 
tho 9th the figure had become #0 complicated that no more dote 
could bo mado; bat the shoot continued during the evening of 
the 9th, the whole of the 10th, and the morning of the 1th to 


Fig. 79. Fig, 80, 


= 


Aszalex Indica : cirowmnntation 
of stam, illuminated from 
above, traced on horizontal 
on from 9,30 aot, March 

1h to 13.10 wat, on the 10th. 


Bat on the morning of the — Phunayo Capensis circumnue 
10th only four dots were tation of tip of a lateral 


made betwoen 8.50 AM ‘braneb, on horisontal 
and 12.10 pat, both hours lass, from 7.20 Ba on 
included, 4 that the elroum- Misses ws 3 noon the 
mutation is not fairly repro ‘Oth, Moroment of boad 
sented ia this part of the maguifed 19 times, Plant 
diagram. Movement ef the feebly illuminated 

‘hore magnified aboat above. 


80 tines, 


ciroumnutate over the same small space, which was only about 
tho ygth of an inch (‘97 mm.) in diameter. Although this 


branch circamnutated to a very amall extent, yet it changed ite 
course frequently, The movements ought to have been more 


15) icyniaetrintora (Yorbenneer, Fam, 178)—The follow 
ing-figure (Fig. 81) givos the movements of a shoot during: 
P 
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81h, 40 m, and shows that itcircumnutated. Tho bush was 
V5 inches in height. 
Fig. 81, 


wee 


Aloysia citricdors ; circamuutation of stem, traced from 8.20 4.1 op March 
‘2nd to 4 Px. on Wed. Plant kept ia darkness. Movement magnified 
abont 40 times, 

(18,) Ferbens melindres (%)(a searlot-flowored horbacoous Yar.) 
(Verbenscew).—A shoot 8 inches in height had been laid hori- 
dontally, for tho eake of observing ite apogeotropism, and tho 
torminal portion had grown vertically upwards for a Iength of 
11 inches, A glass filament, with a bend at the end, was fixed 


Pig 82. 


Fa pace 


poh Boe Occ ae aa 


Vertena meitadre: circampatation of stem in darkness, traced on vertical 
fine, from 3.20 v6 om June Sth to 11 at, June Te, Movement of 
‘magnified # times. 
upright to the tip, and its movoments wore tmeed during 
Ah. 90 m. on n vortionl glass (Fig. 82). Under those cireum- 
stances the Iatoral movements wore chiefly shown; but as tho 
lines from side to side are not on the same level, the shoot 
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must have moved in « plano at right angles to that of the lateral 
movement, that is, it musthave circumuutated. On the nextday 
(6th) the shoot moved in the course of 16 h. four times to the right, 
and four times to the loft; and this apparently reprosonts tho 
formation of four ellipses, so that cach was completed in 4 h. 

QT.) Coratophyltun demersun (Coratophy}low, Fam. 290)—An 
interesting account of the movements of the stem of this water- 
plant has been published by M. B. Rodier." The movements are 
confined to the young internodes, becoming less and Jest lower 
down the stem; and they ato extraordinary from their amplitude. 
‘The stems sometimes moved through an angle of above 200° in 
6h, and in one instance through 220° in Bh. ‘They generally 
bent from right to left in the morning, and in an opposite dires- 
tion in the afternoon ; but the movement was sometimes tempo= 
‘rarily reversed or quite . It waa not affected by light, 
It does not appear that M. ier made any diagram on @ bori- 
zontal plane repreventing the uotual course pursued by the 
‘apex, but ho speaka of tho “branches execating round their 
axes of growth s movement of torsion.” From the particulars 
above given, and remembering in the case of twining plants and 
of tendrils, how difficult it in not to mistake their bending to all 
points of the compass for true torsion, we are led to believe that 
the stems of this Geratophyllum elreumnutate, probably in the 
ahape of narrow ellipses, each completed in sbout 26h. The 
following statement, however, socms to indicato something 
different from ordinary cireumnutation, but we cannot fully 
understand it, M. Rodier saya: “11 oat alory facile do voir que 
Je mouvement de flexion se produit @'odord dans les mérithalles 
supérieur, qu'il sn propage ensuite, en wumoindrissant du haut 
on bas; tandis quan contrairo lo mouvement do redressement 
commence par ls partie fnférieure pour s¢ torminer & la partie 
supérienrs qui, quelquefois, pou de temps avant de se relever 
tout i fait, forme ayes V'axe an angle tree nigw” 

1B.) Ovniforce—Dr. Maxwell Masters states (* Journal Linn. 
So0.,’ Dec. 2ad, 1879) that the leading shoots of many Conifene 
during the season of their active growth exhibit very remark- 
able movemsnts of revolving nutation, that is, thoy ciroumnu- 
tate, Wo may fecl sure that the Interal shoots whilst growing 
‘would exhibit the same movement if carefully observed, 





‘Comptos Rondus,’ April S0th. 1877. Alko a seoond 
binned eparaiely if Boundeaue Nove 122, 1877 
r2 
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(19.) Litivm auratum (Fam. Liliacow).—Tho circumnutation 
Fig. 83, 





Lstoum awratun  cireumoutation of stom in darkness, traced on s horitontal 
glans, from 8 act, on March {4th to 8.39 ac, on 16th, But it should 
be noted that cur observations were interrupted between ( 13. on the 
Lith and 12.15 12%, on Léth, and the movements during this Lnterval 
of 18h, Lom, are represented by «long broken line, Diagram reduced 
tw half original seale, 


‘of tho stom of a plant 24 inchos in height is represented in the 
above figure (Fig. 88). 


o Mig. #8. 


— 


€ ——S 
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Cyperus aiteraiyetiue : elreummotation oF stem, (Ikuminatad frac adore, 
traved om harieantal glass, from 9.45 4.20 March 9th to 9 7.2. on L0th. 


‘The niem grew so rapidly whilet being observed, that it was aot prosibe 
te estimate how moch iia mavementa were maguitied in the tracing, 


(20) Cypert olternifoliaa (Pam. Cyperacemt.)—A glass 
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filament, with a bead at the end, was fixed across the summit 

‘of & young stom 10 inchos in height, closo beneath the crown of 

elongated loaves. On March 8th, betwoen 12.20 and 7.20 rm., 

the stem described an ellipes, open at one end. On the follow- 

Hig dey s new tacing was begat (BW 86), HN pinay Moms 

fat th ser completed thoes irregular Spurs £2 ‘the courso of 
him 


Concluding Remarks on the Cireumnutation of Stems.— 
Any one who will inspect the diagrams now given, and 
will bear in mind the widely separated position of the 
plants described in the series,—remembering that we 


have good grounds for tho belief that the hypocotyls 
and epicotyls of all seedlings circumnutate,—not 
forgetting the number of plants distributed in the 
most distinct families which climb by a similar move- 
mont,—will probably admit that the growing stems 
of all plants, if carefully observed, would be found 
to circumnutate toa greater or less extent. When 
we treat of the sleep and other movements of plants, 
many other cases of circumnutating stems will be 
incidentally given. In looking at the diagrams, we 
should remember that the stems were always growing, 
80 that in each case the cireumnutating apex as it 
rose will have described a spire of some kind. The 
dots were made on the glasses generally at intervals 
of on hour, or hour and o half, and were then joined 
by straight lines, If they had boen made at intervals 
of 2 or 3 minntes, the lines would have been more 
curvilinear, as in the ease of the tracks left on the 
smoked glass-plates by the tips of the circumnutating 
radiclos of seedling plants. diagrams generally 
approach in form to a succession of more or less 
irregular ellipses or ovals, with their longer axes 
directed to different points of the compass duri 
same day or on succeeding days. The stems 
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fore, sooner or later, bend to all sides; but after a 
stem has bent in any one direction, it commonly 
bonds back at first in nearly, though not quite, the 
opposite direction; and this gives the tendency to 
the formation of ellipses, which are generally narrow, 
but not so narrow as those described by stolons and 
leayes. On the other hand, the figures sometimes 
approach in shape to circles, Whatever the figure 
may be, the course pursued is often interrupted by 
aigyags, small triangles, loops, or ellipses. A stem 
may describe a single large ellipse one day, and 
two on the next. With different plants the com- 
plexity, rate, and amount of movement differs 
much. The stems, for instance, of Iberis and Azalea 
described only a single large ellipses in 24 h.; 
whereas those of the Deutzia made four or five deep 
siguags or narrow ellipses in 114 h,, and those of the 
Trifolium three triangular or quadrilateral figures 
in 7h, 


Omeumxutation or Srooxs on Ruwxens. 

Stolons consist of much elongated, flexible branches, 
which ron along the surface of the ground and form 
roots at a distance from the parent-plant. They are 
therefore of the same homological nature as stems; 
and the three following cases may be added to the 
twenty previously given cases. 

Frogaria (cultivated gardon yar.): Hosaceee,—A plant growing 
in o pot had emitted a long stolon; this wes supported by a 


‘yelled in the xame manner daring tho night. On the following 


Cuar. IV. CIRCUMNUTATION OF STOLONS, 215 


‘morning after an interval of 20 h. tho apex stood a Nitlo higher 
than it did at first, and this shows that the stolon had not been 


Wig. 85. 
e45'am.10* 


ra 
egg 


Td oma 


Proporia:clreunnutation of salt, kept In darkaes traced a verti 
glass, frown 1O.AS a.at, May 18th to 745 A. on 


ucted on within this time by geotropiam;* nor had its own 
‘waight caused it to bond downwards, 

On the following morning (10th) the glass filament was 
detached and refxod close behind the bud, as it appearod pore 
‘sible that the cireumnutation of the terminal tnd and of the 
adjoining part of the stolon might be different. The movement 
‘was now traced during two consecutive days (Fig. 86). During 
‘the first day tho filament travelled in the course of 14h. 30m. 


can hardly be followed in the figure; but the filament moved in 
16 h, at least five times up and five times down, with very little 


* Dr. A. B, Frunk states (* Dio eete te, but only 
meh neti 
ou Pflanzen ‘ 
Ube the atolons of this plaatare | 
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Tateral deflection. The first and Inst dots mado on this second 
day, viz. at T As and 11 rt, were close togothor, showing 
that the stolon had not fallen or risen, Nevertheless, by com- 


Fig, 86. ‘tho morning of the 19th 
and 2st, it is obvious 
that the atolon had gunk; 
aad this may bo attri- 
‘buted to slow 

down either from its own 


floes and bringing tho 
ape of the stolon at suc+ 
coasive periods into a line 
with one edge; a dot 
‘being mado cach time on 
tho glaes ‘This tracing 
therefore represented very 
nearly the actual amount 
of movement of tho apex; 
and in the course of 9 h. 
the distanco of the ex- 





wi ‘A younger and shortor 
end traced from 8 A. May 19th 
tod axe tat. ANY stolon was supported so 
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from side to side as up and down; and differed in this respect 

from the movement in the previous cases, During 
tho lattor part of the day, viz, between $ and 1030 rat, the 


Fig. 81. . 


Mg amae* 





Frogarss; circumnutation of another aud younger stolom, tmcad from 
B ix. t010.30 Fat. Figure reduced to Sae-helé of origial scale, 


actual distance travelled by the apex amounted to 116 inch; 
and in the course of the whole day to at least 267 inch, ‘This 
ia an amount of movement almost comparable with that of 
some climbing plants. ‘Tho same stolon was observed on the 
following day, and now it moved in a somewhat less complex 
manner, in a plane not far from vertical, The extreme amount 
of actual movement was 155 inch in ono direction, and “6 inch 
in another direction at right angles, During neither of these 
days did tho etalon bend downwards through geotropiam or its 
own woight, 

Four stolons still attached to the plant were laid on damp 
sand in the back of a room, with their tips facing the north-east 
windows. They woro thua placed bocauso Do Vion says * that 
thoy are apheliotropie when exposed to the light of the sun; but 
‘we conld not perceive any effect from the above feoble degree of 
illumination. We may add that on onother occasion, lato in the 
summer, some stolons, placed upright before a south-west window 


© “Arbeiton Bot, fnut., Warsburg,’ 1872, p. 494, 


218 CIRCUMNUTATION OF STOLONS. Omar. IV, 


on n cloudy day, became distinctly curved towards tho light, and 
wore therefore heliotropic. Closo in front of the tips of the 
prostrate stolons, a crowd of very thin sticks and the dried 
haalms of grasses were driven into the sand, to represent the 
crowded stems of surrounding plants in a stato of nature. This 
was dona for the mke of observing how the growing stolons 
would pass through them, They did 80 eaaily in the course of 
6 days, and their circumnutation apparently facilitated their 
pase. When the tips encountered sticks so close together 
that they could not pass betwoon thom, thoy rose up and passed 
over them. Tho sticks and haulms were removed after the 
passage of the four stolons, two of which were found to have 
assumed a permanently sinuous ehape, and two wero still 
atright. But to this subject we shall recur under Saxifrnga, 
Baxifraga sarmentosa (Saxifmgew)—A plant in a suspended 
pot had emitted Jong branched stolons, which depended ike 


Fig. 88. 


k 


= 


ie semehen jiervrmaniet of an inclined stolon, traced im 
‘eness on a horisontal glass, from 7.49 A.¥. April 18th to 9 4.36. 00 
19th, “Movement of end of stolon magnified 2° times, 


threads on all sides, ‘Two were tied upso as to stand vertically, 


bably due to their weight and not to geotropixm. A glass fila~ 

ment with little triangles of paper was fixed to the ond of ona of 

‘theso stolons, which was 17} inchos in length, and had already 

become much bent down, bat still projected at a considerable 
a 
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‘the morement was oven Joss, Sale 
thought that its growth was nearly so wa 
smother which was thicker and shorter, riz., 10} inehos in length. 
‘It moved greatly, chiefly upwards, and ehangod ita couzso five 
times in the course of the day, During the night it curved so 
much upwards in opposition to gravity, that the movement 
could no longer be traced on the vertical glass, and a horizontal 
‘one had to be usec. The movement was followed during the 
next 25 h., nx shown in Fig. 88. ‘Three irregular ellipses, with 
thoir longer axos xomewhat differently dirosted, wore almost 
comploted in the first 15h, The xtreme actual amount of 
movement of the tip during the 25h. was ‘75 inch. 

Several stolons wore laid on a fat surface of damp sand, in the 
eame manner os with those of the strawberry, The friction of 
the sand did not interfere with their cirenmnatation; nor could 
we detect any evidenco of their being sensitive to contact. In 
order to see how in « state of nature they would act, when 
encountering a stone or other obstacle on the ground, short 
pieces of smoked glass, an inch in height, were etuck upright 
into the sand in front of two thin lateral branches. ‘Their tips 
soratched the smoked surface in various directions; one made 
three upward and two downward linos, besides a nearly hori- 
zontal one; the other curled quite away from the lass; but 
ultimately both surmounted the glass and pursued their original 
course. The apex of a third thick stolon swept up the glass in a 
curved line, recoiled and again came into contact with it; itthen 
moved to the right, and after asconding, descended vertically s 
‘ultimately it passed round one ond of the glass instead of over it, 

Many long pins were next driven rather close together into 
‘the sand, so ns to form a crowd in front of the sume two thin 
Jatoral branches; bot those easily wound their way through 
the crowd. A thick stolon wax much delayed in its passage; 
at one place it was forced to turn at right anglox to its former 
course; at another placo st could not pass through tho pins, 
and the hinder part became bowed; it then curved upwards 
on Ream Eicon Sho esing Tabu ES pene eae 


‘perma- 
nently sinuous ton alight degree, and was thicker where ainnona 
than eleowhero, apparently from its longitudinal growth having 


Cotyleden wmbitleus (Crossulacem)—A plant growing in a pan 


220 CIROUMNUTATION OF BTOLONS, Chay, 1V, 


‘of damp moss had omitted 2 stolons, 29 and 20 inchos in length. 
‘One of thero was supported, eo that a length of 44 inches pro- 
jected in a straight and horizontal line, and the movement 
cof the apex was traced. The first dot was made at 9.10 aot; 


Fig, 89, 
1810s, 2 
aor. o7 
/ oF 
5 2p 20 
aSinmas 


Cotyiedon wortiliovn: circumautation of atolon, treed from UL45 a2. 
‘Aug. 25th to 11 4a 97th. Plant illuminated trom shove. The 
terminal intirnods was ©25 inch in longth, the penultimate 2°25, and 
the thin! 3°0 inches in length. Apex of talon atood at a distance of 
5°75 Inches from the vertioal glass but it was not posable to aacertaln 
how much the treciog was monguifed, as It wae uct kuown how great 
‘length of the internode circumnutates 


the terminal portion soon began to bend downwards and con- 
tinued to do so until noon. Therefore a straight line, very 
nearly as long as the whole figure here given (Fig. 80), was fret 
traced on the glass; but the upper part of this linc has not been 
copied in the diagram, ‘The curvature occurred in the middie 
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of the penultimate internode; and its chief seat was at the 
distance of 14 inch from the apex; it appeared due to the 
weight of tho terminal portion, acting on the mare flexible 
part of the internode, and not to geotropism. The apex after 
thus sinking down from 9.10 A.xt. to noo, moved a little to the 
loft; it then rose up and circumnutated in a nearly vertical 
plane until 10.35 rt. On the following day (26th) it was abe 
Fig. 90. 
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Cetylodon wrbitious  cireummutation and downward amnovement of another, 
olen traced on vertical glam frm 9.11 4.96 Aug, 25th te 11 a. 27th, 
‘Apes clono to glass, so that figure but little magni 
to two-thirds of original size, 


serred from 6.40 4.2. to 5.20 ra, and within this time it moved 
twico up and twiee down, On the morning of the 27th the apex 
stood ag high as it did at 11,90 sa. on tho 25th. Nor did it 
sink down during the 28th, but continued to circummutate about 
the samo place. 

Another stolon, which rosombled the last in almost every 
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respect, was obverved daring the same two days, but only two 
inchos of the terminal portion was allowed to project frooly and. 
horizontally, On tho 25th it continued from 9.10 4.21. to 1.80 rat. 
to tend straight downwards, apparently owing to its weight 
(Fig. 90); but after this hour until 1085 vo. it aigenggnd. 
‘Thin fact doserses notico, for we hens probably sea tho combined. 
effects of the bending down from weight and of circumnutation. 
‘The stolon, however, did not cireumnutata when tt first began 
pe eae soe Sang Rn bane! Eso Freund diagram, y and 
‘as wns still more evident in the last case, when a longer portion 
‘of the stolon was loft unsupported. On tho following day 
(26th) the stolon moved twice up and twico down, but still con- 
tinued to fall; in the evening and during the night it travelled 
from some unknown cause in an oblique direction. 

We sco from these three cases that stolons or 
runners circumnutate ina yery complex manner, ‘The 
lines generally extend in a vertical plane, and this 
may probably be attributed to the effect of the weight 
of the unsupported end of the stolon; but there is 
always some, and occasionally a considerable, amount 
of lateral moyement, ‘The circumnutation is so great 
in amplitude that it may almost be compared with 
that of climbing plants. That the stolons are thus 
aided in passing over obstacles and in winding between 
the stems of the surrounding plants, the observations 
above given render almost certain. If they had not 
circumnutated, their tips would have been liable to 
have been doubled up, as often as. they met with 
obstacles in their path ; but as it is, they easily avoid 
them. This must be a considerable advantage to the 


growing 
ports; but it is not improbable that the amplitude 
of the movement may bave been specially increased 
for this purpose. 
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Omcumsuration or FLowEr-srems. 


We did not think it necessary to make any special 
observations on the circumnutation of flower-stems, 
these being axial in their nature, like stems or stolons ; 
but some were incidentally made whilst attending 
to other subjects, and these we will here brieily give. 
A few observations have also been made by other 
botanists, These taken together suffice to render it 
probable that all peduncles and sub-peduncles cir- 
cumnutate whilst growing. 


Oxalés carnose.—The pedunele which springs from the thick 
and woody stem of this plant bears three or four sub-peduncles, 


Fig. 1. 


(a opel flower-stem, feutly SIluminated from above, {ts clreurnneta 

teed from 8 a.m. April L3th to 9 a.st 15th, Summit of flower 

Ene Ta ‘the horisontal ginss, Movement probably magnified 
imos. 


A filament with little triangles of paper was fixed within the 
calyz of a flower which stood upright, Its movements wore 
observed for 43h.; daring the first half of this time tho flower 
‘was folly expanded, and during the socond half withered. The 
Soe ee (Fig. 91) reprosenta 8 or 9 ellipses, Although 

main pedunele circumnutated, and described one large and. 
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‘two smalier ellipses in the course of 24 h., yet tho chicf scat of 
movemont lies in the sub-pedunclos, which ultimately bend 


in the evening projects horizontally, or almovt horizontally, 
rising again during the night. This movement continues from 
the period when the flowers are in bud to when, a4 we believe, 
tho pods aro maturo : and it onght parhaps to have boon included 
amongst the so-called slocp-raovementa of planta A tracing 
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‘Trifalium repens ciroumnutate in a complicated course during 
soveral days. Fas eee eee ver 


Eesecfeaeaeys seks Rit pshoaa, Bleabarigl above, 
aireorsspariet triad ex tere plas, from 8.40 a.m. July 25nd 
0 10.30 vax. 24th, 


which looks exactly like s peduncle, clrcumputates whilst growing 
vertically downwards, in order to bury the young pod in the 


ground, 

‘The movements of the flowers of Cyclamen Persicum were nob 
observed ; but the peduncle, whilst the pod is forming, increases 
mmch in longth, and bows itself down by « cixcurnnutating 
asovement. A young peduncle of Maurandia semperflorens, 
14 inch in length, was carefully observed during a whole day, 
and it made 4j nazrow, vortical, irregular and short ellipees, 
each at an average rate of about 2h. 25 m. An adjoining 
pedunele described during the same time similar, though fower, 
ellipses." According to Sache? the flower-steme, whilst growing, 
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of many plants, for instance, thone of Brassica napus, revolve or 

circumputate; those of Altium porrum bend from side to side, 

and, if this movemont had boon traced on a horizontal glass, 

‘no doubt ellipaos would havo been formod. Fritz Miller has 

deseribed * the spontaneous revolving movements of the flower~ 

‘stems of an Alisma, which he compares with those of a climbing 
it. 


We made no observations on the movements of the different 
parts of flowers, Morren, however, has observed t in the 
stamens of and Corous a" fremiseomont epontand,” 
bic as balsa, a ooneting: srasenh 

‘The circumnntation of the gynosteminm of Stylidium, as do« 
sorlbod by Gad.t is highly romarkablo, and apparently aida in 
the furtilisation of the flowers. The gynostemium, whilst spou- 
taneously moving, comes into contact with the viseid labellum, 
to which it adheres, until freed by the increasing tension of the 
paris or by being touched. 

We have now seen that the flower-stems of plants 
belonging to such widely different families as the 
Crucifere, Oxalide, Leguminose, Primulaces, Scro- 
phularines, Alismacem, and Liliacem, circumnutate ; 
and that there are indications of this movement in 
many other families. With these facts before us, 
bearing also in mind that the tendrils of not a few 
plants consist of modified peduncles, we may admit 
without much doubt that all growing flowerstems 
circummntate, 


Cmoumxeration or Leaves: Dicoryirvons, 


Several distinguished botanists, Hofmeister, Sachs, 
Pfeffer, De Vries, Batalin, Millardet, &c., have ob- 
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served, and some of them with the greatest care, the 
periodical movements of leaves; but their attention 
has been chiefly, though not exclusively, directed to 
those which moyo largely and are commonly said to 
sleep at night. From considerations hereafter to be 
given, plants of this nature are here exeluded, and 
will be treated of separately. As we wished to ascer- 
tain whether all young and growing leaves circumnn- 
tated, we thought that it would be sufficient if we 
observed between 30 and 40 genera, widely distributed 
throughout the vegetable series, selecting soma un- 
usual forms and others on woody plants. All the 
plants were healthy and grew in pots. They were 
illuminated from above, but the light perhaps was not 
always sufficiently bright, as many of them were ob- 
served under a skylight of ground-glass, Exeept in a 
few specified cases, a fine glass filament with two minute 
triangles of paper was fixed to the leaves, and their 
movements wore traced on a Fig. 98. 

vertical glass (when not stated 
to the contrary) in the manner 
already described. I may repeat 
that the broken lines represent 
the nocturnal course. Tho stem 
was always secured to a stick, 
close to the base of the leaf 
under observation. The ar- 

ent of the species, With syryicynin purpuren? 

the number of the Family ap- — nutation of agp, 
pended, is the same as in the Ufouts ae aah “Reap. 
case of stems, AES deal 
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noross ite apex ; it was observed for 48h, and during the whole 
of this time it circumnuteted in « nearly similar manner, but 
to a yory small extent, ‘The trucing given (Fig. 93) relates 
only to the movements during the first 26 h. 
Pvt (2) Glaneiwm Tutowm (Papavo- 
aes race, Faun. 12)—A young plant, 
hearing only 8 leaves, had a fila 
ment attached to the youngest loaf 
but one, which was 3 inches in 
| sengtis, inotading the petiole, ‘The 
| clrournutating movemont was 
traced during 47h. On both days 
‘the leaf descended from before 7 ast. 
until about 11 a, and then 
ascended slightly during the rest 
of tho day and the early part of 
tho night. During the lator part 
r of the night it foll greatly. Tt did 
not ascend so much during the 
second as during the firet day, end 
it dosconded considerably lower on 
the second night than on tho fixet, 
‘This difference was probably duo 
| to tho illumination from above 
having beon insufficient during the 
two days of observation, Its course 
during tho two days is shown in 
Fig. Oh 
8.) Crambe maritina (Craciferm, 
| Fam.14)—A leaf 9) inches in length 
on 4 plant not growing vigorously 
wns first olwerved. Its apex was 
sould hardly be tceds ron °F 
tracod, from being 
bape ee Ui sega sosmall In extent. The apex, how- 
frm 0.90 at June lath Yet, cortainly changed its corse at 
Sethe tee, tens ‘Tracing least 6 times in the course of 14h. 
‘i cr a es ot sottaly $f beh TR end pte Line her 
and n filament was affixed to tho 
midrib of the third leaf from the base, which, with the petiole, was 
5 inches in length. ‘The leaf stood up almost vertically, but the tip 
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was deflected, so that the Slament projected almost 
‘and its movements ‘wore traced duxing 48 h. on a vertical glass, 
as shown in tho accompanying figure (Fig. 95), We here plainly 


‘see that the leaf was con- 


skylight. Woe infor that 
this was the caso, because 
two leaves on plants grow= 
ing out of doors, hnd their 
angles above the horizon 
measured in the middie 
of the day and at 9 to 
about 10 rar, on succes 
sivo nights, and they 
‘wero found at this latter 
hour to have rison by an 
average angle of 9° above 
their mid-day position: 
on the following morning 
‘they fell to their former 
position, Now it may be 
‘observed in the diagram 
‘that tho leaf roe during 
‘the second night, so that 
itstood at 6.40 aa. higher 
‘than at 10.20 rar, on tho 
preceding night; and this 
may be attributed to the 
loaf ndjusting itsolf to the 
dim Tight, coming exclu 
ively from above, 


Fig. #3. 





Crombe maritima > eixcumnutation of leaf, 
disturbed by being insufficiently illnmi- 
ated from above, tmoed frow 7.00 att. 
Suue Quel to 8 A.dt. 25th. Apex of lout 
15} inches from the vertical glass wo that 
‘tho tracing wae mire ified, Dat is 
herereduoad to one-fourth oforiginal ncale, 


(,) Brassica oleracea (Crnciferm).—Hofmeister and Batalin* 
‘state that the leaves of tho cabbage rixe at night, and full by 
day. Wo covered a young plant, boaring 8 loaves, under a large 
boll-glass, placing it in the samo position with respect to the 


* *Florn,’ 1878, p, 497, 
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Aight In which it had Jong romained, and a filament was fixed 
‘at the distance of -4 of an inch from the apex of a young loaf 
nearly 4 inches in length. Its movements were then tmcod 
during three days, but the tracing is not worth giving. The 
Jeaf fell during the whole morning, and rose in the evening and 
during the early part of tho night. The areonding and descend- 
ing lines did not catneldo, so that an irregular ollie was formed 
each 24h, Tho basal part of the midrib did not move, as wee 
ascertained by mensuring at successive periods the angle which 
it formed with the horizon, so that the movement was confined 
to tho terminal portion of tho loaf, which moved through an 
angle of 11° in the course of 24 h., and the distance travelled by 
ea apes rand downs vs wee “Sand *9 of an inch. 

In ordor to ascertain the effect of darkness, a filamont was 
fixed to a leaf 64 inches in length, borne by a plant which after 
forming a head had produced a stem. 'The leaf was inelined 
44° above the horizon, and ite movements were traced on o 
erent gies oress ons by the ald 26a tape, During the 
first day the leaf rose from 8 a. to 10.40 7m. in a slightly 
igang courso, tho actual distance travelled by the apex being 
“67 of an inch, During the night tho leaf fel, whereas it ought 
to have risen; and by 7 Ast. on the following morning it had 
fallen +28 of an inch, and it continued falling until 940 act, It 
thon roxe until 10,60 9.x, but tho riso was interrupted by one 
considerable oscillation, that is, by # fall and re-ascent, During 
the second night it again foll, but only to a very short dlistanoe, 
ond on the following morning re-nscended to a very short 
ilistance. ‘Thus the normal ssoaal cheese exithe Ind oe aoe 
disturbed, or rather completely inverted, by tho absence of 
Tight; and the movements were likewise greatly diminished in 
amplitude. 

Wo may add that, nocording to Mr. A. Stephen Wilson,’ tho 
young leaves of tho Swedish turnip, which is a hybrid between 
2. oleracea and rapa, draw together in the evening so much 
“that the horizontal breadth diminishes about 30 per cent, of 
tho daylight breadth." Therefore the leaves must rise con~ 
xidernbly at night. 

(8.) Dianthes cargophytivs (Caryophyllow, Fam. 26).— Tho 





* «Trung, Bot, S00. Edinburgh,’ — se Darwin, * ond Plante 
vol ali. ps 2, With reapeet 19 under Demeatication,’ 2od 
(he origin of the Swediqh tarnip, wh ip. 
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terminal shoot of @ young plant, growing vory vigorowsly, was 
selected for observation. The young leaves at first stand up 
vertically and close together, but thay soon bend outwards and 
downwards, 0 a8 to bocomo horizontal, and often at the eamo 
time a little to one side, A filament was fixed to the tip of a 
young leaf whilst still highly inclined, and the first dot was 
mado on the vertical glass at 8.30 A.xt, Juno 18th, but it curved 
downwards so quickly that by 640 ao. on the following 
morning it stood only a little above the horizon. In Fig. 90 
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us cryephy lit: cgcamntation of young len, traced fom 10.15 
eae Toon Toth toiO38 nae, Ike ptr of leaf thea, a he leas of 
our observations, 8% inches from the vertical glass, so tracit 

tweatlpmagaliod, The let was 3} Inches long Tetap. S192 C- 


tho long, slightly zigzag Line reprosonting this xapid downward. 
conrse, which was somawhat fnelined to the left, is not given; 
but the figure shows the highly tortuous and zigzag course, 
together with somo loops, pursued during the next 2) days. 
As the leaf continued to move all the time to the left, it is 
‘evident that the zigzag Lino reprosents many cireumnatations. 
(B) Camelia Japonica (Camelliacom, Pam. 92).—A youngish 
leaf, which togsthor with its petiole was 2t inches in Iungth and 
which arose from a side branch on a tall bush, bad a filament: 
‘attached to its apex, ‘This leaf sloped downwards at an angle 
of 40° beneath the horizon. As it was thick and rigid, and its 
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petiole very short, much movement could not be expected. 
Novortholess, the apex changed ite course 

Hig. 97. completely seven times in the course of 

LU h,, but moved to only a very small 
distance, On the noxt day the movement 
of the apex wax traced during 26h, 20m. 
(as shown in Fig. 97), and. was nearly of 
the samo naturo, but rathor leas complex. 
traced from 6.40 The movement seems to be poriodical, for 
rd en we to on both days the leaf ciroumnutated in the 
Kiee of let 33 forencon, foll in tho afterncon (an the first 
inches fromthe rere day until between 3 and 4 r.m., and on the 
tical glass,s0 figure second day until 6 pat.) and then roe, 
comsideral falling again during the night or early 








morning, 
Tn tho chapter on the Sleep of Plants 
‘wo shall 900 that the leaves in sevoral Malvaccous gonora sink 


Fig, 98, 
20 aan. 
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Pebarsemiuon conaie : wieasietitin mais downward movement of young 
If, traced rem 0.0 a. June 14th o 6.80 Rx, 16th, per f eal 
DE inches from the vertical glass, 10 figure moderately magnified. 
Teeup. 13°16? C. 


®t night; and as they often do not then occupy @ vertical 
position, oxpecially if they have not bocn woll illuminated during 
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tho day, it is doubtfal whother somo of these eases onght not 
to have been included in the present chapter. 
sonale (Geraniaces, Fam. AT) —A young 


the circumnutation was more plainly mar! 
(8.) Cissus discolor (Ampelidem, Toa G7)~A lef, nok neasty 
full-grown, the third from the apex of Fig. 99. 


@ shoot on a cut-down plant, was 
observed during $1 h. 80 m. (seo Fig. 
99). Tho day was cold (15°-16° ©., 


spicuous. 
(9) Viola faba (Leguminose, Fam. 
76)—A young leaf, 3-1 inches in 
length, measured from base of petiole to 
end of leaflets, had a filsment affixed 
to the midrib of one of the two tor- 
minal leaflets, and its movenents wero 
traced during 51} h. ‘Thofilament fell 
all morning (Jaly Qnd) till 8 vx. and : 7 
then roee greatly till 10.85 rat.; but “anton af” fest tcc 
the riko this day was so great, com- fom 10.33 aM. 
pared with that which subsoquontly 3th Of sat 8F inches pes 
occurred, that it was probably due in from the vertion! glass, 
to the plant being ilinminated 
above. ‘The lattor part of the course on July Qnd is alone 


i 


morning, thon ci 
tated in.» conspicuous manner, and roso till lato at night; bub 
the movement was not traced afler 7.15 ea, as by that time the 
filament pointed towards the upper edge of the glass. During 
‘tho lattor part of the night or carly morning it again fell in the 
same manner as before, 
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An tho evening riso and tho early morning fall woro unusually 
largo, tho angle of the potiole above tho horizon was measured 
at the two periods, and tho leaf was found to hinve risen 19° 


Fig. 100, 
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Vicks fobv: drcummutation of feat, treet from 7.15 
DOLD aot 40h 





fut, Joly Ind to 
of the two terminal jesilate 7] ineher from the 


pe here reduced to two-thirds of original seale. 





vertical has. 
Teaap, 118? 





detwoon 12.90 px, and IOAS rac, and to have fallen 28° 20" 
betworn the latter hourand 10.20 a.x. on the following morning. 
‘Tho main petiole was now secured to a stick elowe to the baso 
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of the two terminal leaflets, which were 1*4 inch in length; and 
the movements of ono of them were traced during 48h. (sco 
Fig. 101). The course pursued is closely analogous to that of 
tho whole leaf, ‘The zigzag line between 8.80 .v, and 8.30 P.M. 
on the second day represents 6 very emall ellipses, with their 


Fig. 101. 





W'sam 


Views fha> circumnutstion of one of the two terminal lontets, the matit 

ole having been secured, raced from 1040 A.M, July 4th to 10.00 he 

Bhs Apor of leatles Of laches from the vertical lam. Teasing bere 
reduced to one-balf of original scale, ‘Temp, 162-182 C, 


longer axes differently directed. From these observations it 
follows that both the whole leaf nnd the terminal leuflete undergo 
4 Woll-markod daily periodical movoment, rising in the evening 
‘and falling daring the latter part of the night or carly marning; 
whilst in the middle of the day they generally circummutate 
tound the same small space. 
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Acacia 


1) —The movement of a 


ao) retinoldes (Logsuminosso} 
young phyllode, 23 inches in length, and inclined at a considers 


Aig. 102, 


woe huiy eth te 20 evidence on cithor 


np 


able angle above the horizon, was traced 
daring 45 bh. 80 m.; but in tho figure hero 
given (Fig.102),itsclrcarmutation isshown, 
during only 21h, 30m. Daring part of 
this time (vir., 14 h. 80m.) the phyllode 
Aescribod n figure ro- 

presenting 5 or 6 Beit 


GL) Lupinus spe 
efoann (Taqguminon). 
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(12) Feheveria stolonifera (Crasswlucen, Fam. 84).—The older 
leaves of this plant avo #0 thick and fleshy, and the young ones 
‘so short and broad, that it seemed 
very improbable that any circum Figs 104. 
rutation could bo dotested. A fila- 
ment was fixed to a young upwardly 
inclined lenf, 75 inch in length and 
“28 in breadth, which stood on tho 
outside of a terminal rosette of leaves, 
produced by a plant growing very 
‘vigorously, Its movement was traced 
during 8 days, as here shown (Fig. 

101). The course was chiefly in an 
upward direction, and this may be 
attributed to the elongation of the 
leaf through growth; but we see that 
the lines are strongly #igeag, and that ny 
cccasloually thers ‘was distinct ci rae . 
: vamos 
seemicio: thongh an a very small Mohri steerer elrco mel 

(18) Bryophyttem (vel Calinche) {eas ase Sethe Aper 
calycinum —(Craswulacew). —Duval- of lenf 122 faches fromthe 
Jouve (Bull, Soc. Bot, do Franco’ lasso that shemovement 
Feb, 14th, 1868) measured tho dis- yey cet mr 
tance between the tips of the upper 
pair of leavo# on this plant, with tho result shown in the following 
Table. Tt should be noted that the measurements on Dee, 2nd 
wer made on a different pair of leaves :— 











Bact trae Trt 
Now. ¢ . 15mm . , . 9mm . 2 . @) 
pot ree ee ~ + 48mm, 
oe ee oT 


‘We see from this Table that tho leavea stood are 
further apart at 2 por, than at cither 8 ast. or 7 Pat; 
shows that it's i athe even wa lb 
in the 

Gd) Drone Drosera rolundifoles (Drosoraceeo, Furn.86):—Tho move- 
‘ments of « young leaf, having a long petiole but with its tentacles 
(or gland-bearing hairs) as yet unfolded, were traced during 
ATh. 15m. ‘Tho figure (Fig, 105) shows that it cirenmnutated 
largely, chiofly in a vertical direction, making two ellipses each 





& 
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day. On both days tho loaf began to descend after 12 or 
1 o'clock, and continued to do so all night, though to » 
the 


Fig 106. tyro occasions, We therefore 


was periodic; but on obsory- 
ing throo othor leaves during 
reveral successive days and 
nights, we found this to be an 
error; #nd tho case ie given 
merely ws a caution. On the 
third marning the above lent 
oceupied olmost exactly tho 


by this timo had unfolded 
sufficiently to project at zight 
angles to the blade or dise, 
‘Tho leaves aa they grow 
older generally sink more 
and more downwards, Tho 


secreting freely, 
traced for 24 h., during which 
time it continued to sink » 
little in a slightly zigeag lino, 
‘Op the following morning, at 
T am, a drop of a solution 
of carbonate of ammonia (2 
gr. to 1 on. of water) was 
placed on the dise, and this 

ori blackoned the glands and in- 
duced infloction of many of the tentacles. The weight of tho 
first to sink a little; but immodiately 
rise 
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ciroumnutates on a sinalt scale, at least whilst absorbing cure 


of the leaf, resulted from its margin becoming slightly inflected 
(0a generally occurs), or from the rising of the potiolo, was not 
ascertained. 


In order to lonen whother tho tentacles or gland-boaring haire 


be 

vho Of inch in 1h. 40 m.; but os it likewise moved 
ide to an extent of above xh of inch, the move- 

meut was probably one of modified circumnutetion, A tentacle 

on an old leaf was next observed in the same manner. In 
% the microscope it had moved 

about rsx ofan inch, During the next 74 h. it was looked at 
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petiole wae only 12 inch in Jongth, had a filament fixod extor- 

nally along the midrib of the still closed lobes, which projected 

ut right anglen to the petiole. In the evening this Teaf com- 

pleted an éllipes in the conres of 2h. On 

Pig, 106, the following day (Sopt. 25th) its movo- 

4 ments wero traced during 22 h.; and wo 

a€ eat rhe 

\ ral direction, duo to the straightening 
Of hoa kina een gt 

iN line represents several drawn-out or 

i Kea rareny ay ‘There can therefore be 

‘no doubt that this young leaf cireamuu- 


A rother old, horizontally extended 
leaf, with a filament attached along the 
under sido of tho midrib, was noxt 
observed during 7 h,- It hardly moved, 
‘but when one of its sensitive hairs 
was touched, tho blades closed, though 
not very quickly. A new dot was now 
made on the glass, but in the course of 
‘Mh. 20m. thero was hardly any chango 

in the position of the filament. We may 
therefore infer that an old snd only 
moderately sensitive leaf does not cirenm- 
nutato plainly; but we shall soon sco 
that it by no means follows that such 
ig and vxyouliny @ leaf is absolutely motionless, Wo may 
Tat toed one isk further infer thet the stimulus from o 
dark- toch doss not reexcite plain cireumnu- 


vary oat ensos it to clone quickly, often 
almost instantly, yet when a bit of damp meat or some sclation 
of of 4s placed on the lobes, they close so 


r va 5 M 
Sa sieehese topic cctsta leaf, and within 2h. the glass 
filament rose a little; and this implies that the lobes had begun 
to close, and. perhaps the potiole to rise. It continued to rise 
‘with extromo slowness for tho next 8h. 80m, ‘The position of 
the pot was then (7.16 rai, Sept. 24th) slightly changed and 
an additional drop of the infusion given, and a new tracing 
was begun (Fig. 107), By 10.50 sat. the filamont had risen 
only « little moro, and it foll duxing the night. On the follow- 
ing morning the lobes wore closing more quickly, and by SP. 
it was avident to the eyo that they had closed eonsiderwbly ; by: 
648 vot. this was still plainer, and by 10.45 rx. the marginal 
spilces were intarlockod. ‘Tho loaf foll a Little during the night, 
and next morning (25th) at 7 a.m. the lobes wore completely 
whut. ‘The course pursued, as may be soon in the figure, was 


Fig. 107. 


be eo pn 2% 
Fen i foams 
wanes a — j 


‘Diora roche ‘lavare of AW besa socio of fll grote 
leaf, whilst absorbing an infusion of raw meat, traced in dar 
118 ru. Sop 24th to 8 4 26th. ROE inaf 89 lochs roa the 
Vertical glass. Figure here reluced to tworthinds of original seale. 


strongly zigzag, and this indicates that tho closing of the lebes 
was combined with the circumnutation of the whole leaf; 
‘and there cannot be much doubt, considering how motionless 
‘the leaf was daring 2 h, 80 m. before it received tho infusion, 
that the absorption of the animal matter bad excited it to 
circumnutate. The leaf was occasionally obeerved for the next 
four days, but was kept in rather too cool n placo; nevertheless, 
ftcontinued to circumnutate to a small extont, and the lobes 
remained closed, 

It in sometimes stated in botanical works that the lobes close 
or sleep at night; but this is an error. To test the statement, 





in the middle of the day and at night; but no difference could 
‘be detected. 


‘The previous observations relate to the movements of the 
‘whole leaf, but the lobes move independently of the petiole, and 
B 
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voor 


the motionless, 
title trtangle of paper attashed ta ov6 of the rnarginal eplkos, 
under a ‘with an eyo-pioce micrometer, 
of which equalled x}; of an ivch. Tho apex of 
per-triangle wax now seen to be in coustant elight move- 
for in 4h. it crossed nine divisions, or gf, of an inch, 
ten additional hours it moved back and had crossed 


ci 


I 


in 3 h., and x35 In an opposite direction during the 
i ‘The two lobes, therefore, scom to be 
closing or opening, though to & very small distanco; for we must 


i 


‘an inch) in # m. ‘This movement on #0 emall « soale is hardly 
comparable with ordinary ciroumnutation; but it may perhaps 
be compared with tho zigzag Hines and little loops, hy which the 


movements were tmoet (Fig. 106), had a glass filament fixed 

perpendicularly to it; and the movement of the apex was 

Sepechin-Nee sera cranes aan re al 
mimftted only from above, and with any lateral currents of air 
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irae ‘The apex sometimes crossed one or two divisions of 


of the distance which had just been gained; and then after a 
‘very short time mado anothor jerk forwards, Four conapi- 
onous jerks forwards, with slower retreats, were seen on one 
eccasion to occur in exactly one minute, besides some aninor 
oscillations, As far as wo could judg, tho advancing and 
‘totreating lines did not coincide, and if so, extremely minute 

all angen pene ‘Sometimes the apex remained 
quito motionless for a short period, Its goncral course during 
the several hours of observation was in two opposite directions, 
#0 that the leaf was probably cireumnutating. 

An older leaf with the lobes fully expanded, and which was 
afterwards proved to be highly sensitive to contact, was next 
observed in a similar manner, except that the plant was exposed 
ton lower temperature in a room, ‘The apex oscillated forwards 
and tackwards in the same mannor as before; but the jerks for 
ward were less in extent, viz. about rds inch; and thore were 
Tongor motionless periods, As it appeared possible that the 
movements might be due to currents of air, a wax taper was 
held close to the leaf during one of the motionless periods, but 
‘no oscillations were thus caused. After 10 m., however, vigorous 
oscillations coramenced, perhaps owing to the plant having been 
‘warmed and thna stimulated, ‘The candle was then removed and 
before loug the oscillations eeaged ; nevertheless, when looked ut 
ogain after on interval of Lh, 90m., it was agnin oecillating, 
‘The plant was taken back into the hot-honse, and on the 
following morning was seen to be oscillating, though not very 
vigorously. Another old but healthy leaf, which was not in the 
least sonsitive to n touch, was likewise observed during two 
days in tho hot-house, and the attached filamont mado many 
littie jerks forwards of about ery or only yeng of an inch. 

Finally, to ascertain whether the lobes independently of the 
petiole oucillated, the petiole of an old leaf was comented close 
to the blade with shellxe to the top of o little stick driven into 
‘the soil, But before this was done the leaf waa obeerved, and 
found to bo vigorously oneillating or jerking; and after it had 
been cemented to the stick, the oscillations of about xy of 
‘an inch still continued. On’ tho following day a little infusion 

we 
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‘of raw meat was placed om the leaf, which caused the lobes to 
close together vory slowly in the course of two days; and the 
oscillations continued during this whole time and for the next 
two days. After nine additional days the leaf begun to open 
and tho margins wero a little avorted, and now tho apex of the 
ec pen sre reread lent then 

moved backwards and forwards for a distancs of about yevy of 
an inch slowly, without any jerks. Nevortheless, after warming 
‘the leaf with a taper held close to it, the jerking movement 
Tecoummenced. 


‘This same loaf had boon observed 2) months previously, and 

‘was then found to be oscillating or jerking, We aay therefore 

infer that this kind of movement goes on night and day form 

vary long period ; and it is common to young unexpanded leaves: 

and to leaves so old as to have lost their sensitivenams to a 

touch, but which were still capatle of absorbing nitrogenous 

matter. The phonomenom when well displayed, as in the young: 

loaf just described, is very interesting one. It often brought 

before our minds the idea of effort, or of a smal! animal 
straggling to escape from nome constraint. 

1G.) Lucalyptus resinifors (Myrtacew, Pam, 94)—A young leaf, 

two inches in length together with 

Fig. 108, ‘the petiole, produced by a lateral 

a shoot from a cut-down treo, wan 

observed in the usual manner, 

‘The blade had not ox yet ae 

sumed its vertical position. On 


Juno 7th only a fow observations 

‘wero mado, and the merely 

showed that the leaf moved 

thres tines upwards nnd three 
irewrmon- 


downwards On tho following 
day it was olwerved more fre- 


eres ee quently; and two tmeings wore 
GAO ase to 1 rat. Jane Bthy mado (eee A and B, Fig. 108), ax 
3, fen Bp. ut 8.30 us. a single one would have teen too 
atk hoe Lay jzches complicated. ‘The apex changed 
figures cousiderably ied, ite course 13 times in the course 


of 16h, chiefly up and down, bat 

ee ‘The actual nmount of movement 
in any one direction was 

ay Dodie (gurcen rar) (Gexpealt, Fara. 122),—A fine young 
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leaf 5t inches in length, produced by a young plant 2 fect high, 





Ast, (seo Fig, 109); it then ascended 
groatly till B eat, this ascont being probably due to the light 





Doki: ciecwsonutation of leaf, traced from 10 Ast June 18th t0 8.10 ast. 
20th, but with a break of Th. 40m, on the morning of the 18th, ai 
owing to the glass filament pelnting too much to one side, tho pot had 
‘to be slightly moved ; therefore the relative position of the two tracinge 
Intomewhnt arhtrary. The fgare here civ ls redueed te one of 
the original scale. “Apex of feat 9 inches from the glass iu the line 
of its inclination, nad 43 in a horieontal line, 


coming only from above, It zigzngued between 6 rot, and 
10.35 v.w.,and necended a little during the night. Tt should be 
romarked that the vertieal distances in the lower part of the 
diagram are much exaggerated, as the leaf was at first deflected: 
beneuth the horizon, and after it had sunk downwands, the 
filament pointed in a very oblique line towardu the glase, 
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day the leaf descended from 8.20 4.01. till 7.15 Pr, then zizzagged 


not be caleulated with safety. Frora the course pursoed on the 
second day, when the plant had accommodated itself to the light 
from above, there cannot be much doubt that the leavea undergo 
ce aie a Sead eaten 

(18) Afutisia clematis (Composite)—Tho loaves terminate in 
tondrils and ciroumnutate like those of other tondril-boarars; 
but this plant is here mentioned, on account of an erroneous 
statomont * which hax been publishod, namely, that tha leaves 
tink at night and riso during tho day, ‘Tho leaves which 
‘behaved in this manner had been kept for some days in 
northern rom and had not been sufficiently iNuminated. A 
plant therefore was loft undisturbed in the hot-house, and threo 
Jesves had their angles measured at noon and at 10 ror All 
‘three were inclined a little beneath the horizon at noon, but one 
stood ot night 2°, the eocond 21°, and the third 10° higher than 
in the middle of the day; #o that instead of sinking they rise 
a little at night. 

{19.) Cyclamen Persicum (Primulacom, Fam. 135)—A young 
Joaf, 18 of an inch in length, petiole included, produced by an 
‘old root-stock, was observed daring three days in the usual 
manner (Pig.110). On tho fimt day the loaf fell more than after~ 
wards, apparently from adjusting itself to the light from above. 
‘On all three daya it fell from the early morning to abont.7 Pmt, 
and from that hour roea during tho night, the course buing 
slightly zigzag. The movement therefore ia strictly 
Itahould be noted that the leaf would have sunk each evening 
4 little lowor down than it did, had not the glass filament rested 
betwooen 5 and 6 x, on the rim of the pot. The amount of 
movement was conkiderable; for if we axtume that the whole 
Jeaf to the bao of tho potiole bocame bent, the tracing would, 
‘be magnified rather less than five times, and this would give 
to the apex a rise and fall of half an inch, with eome Intoral 
movement. This amount, however, would not attract attention 
without the ald of a tmcing or measurement of some kind. 


* “The Movernents nnd Habite of Climbing Plants,” 187%, p. 118. 
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2D.) Atamanda Schottii (Apoeynets, Fam, 144)—Tho young 
leaves of this shrabare elongated, with the blade bowed so much 


Fig. 110, 
035 am2™ 





downwards as almost to form a semicircle. Tho chord—that 
is, o lino drawn from the apex of the blade to the base of the 
pétiolo—of a young leaf, 44 inches in length, stood at 2,50 2.3. on 
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‘Deo, fith at an angle of 13° beneath the horizon, but by 9.307.¢. 
tho blade had straightened iteelt 
Mig. 111. vo much, which implies the 
taising of tho apex, that the 
chord now stood at 87° atowe tho 
horizon, and had therefore risen 
50°, On the noxt day similar 
angalar moasuromonta of the 
samo leaf were made; and at 
noon tha chord stood 86° be- 
neath the horizon, and 9.90 x3. 
34° above it, s0 had risen 894°, 
‘Tho chiof causo of the rising 
movornent lioe in tho ntraighten- 
ing of the blade, but the short 
petiole rises hetwoen 4° and 5°. 
‘On tho third night the ehord 
S stood at 85° above the horizon, 
\ and if tho leaf occupied the 
samo porition at noon, as on 
By the previous day, it had risen 
TI°.. With older loaves no such 
chango of curvature could bo 
detected. The plant was then 
brought into the house and 
opt in a north-east room, but 
at night there was no change 
in the curvatare of the young 
leaves; 20 that previous expo- 
~~ sure to a strong light is appa 
rently requisite for tho periodi- 
J aa cos ‘fperatare tn tn 
and for tho slight rising 
wikens + dommwarl seres Cen Mio, 
leaf, trmoed from 10 (2L) Wigandin (Hydroleacem, 
ud to 9.20 498. June Porm 149)—Professor Pfeffer 
F040 Ax. 08 the iyorma ns that the leaves of this 
‘sol anew tracing plant ribo in thoevening; but aa 
Se art tee tae wh erp sralherce oh 
in the. the rising is great, this species 
Temp Ught perhapa to be classed 
ainongat sleeping plants, 
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(22) Petunia violacea perapar boop eles aap ae 
Jeaf, only 4 inch in longth, highly inclined upwards, was obeerved 
for fourdays, During the whole of this time it bent outwards 
and downwards, #0 as to become more and more nearly bori- 
zontal. The strongly marked zigzag line in the figure on p. 48 
(Fiz, 112), shows that this was effcoted by modified circum 
‘nutation ; and during the jatter part of the time there was much 
ordinary cireumnutation on & «mall scale. Tho movoment in 
‘the diagram is magnified between 10 and 11 times, It exhibits 
clear truce of perioilicity, as the loaf rove a little each evening; 
but this upward tendency appeared to be almost conquered by 
‘the leaf striving to become more and Fig 12, 
more horizontal as it grewolder, ‘The 
angles which two older loaves formed 
together, were measured in the even- 
ing nnd about noon on 8 successive 
days, and each night the angle de- 
creased a little, though irregularly, 

23.) Acanthus mollis (Acanthacem, 


peda itfell instead of rising, 
have little doubt that this alte ead 
vein through ‘pe fn “odo tS de a5 
; the 


anaera aae. ‘Tho leaves of an — Tawp, 15°-104? C. 


rose ovory night; and the riko between noon and 10.15 rx., 
‘when measured on one occasion, was 10° This rise was chiefly 
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or exclusively duo to the straightening of tho blado, and not to 
the movement of the petiole. We may therefore conclude that 
the leaves of Acanthus circummutate periodically, falling in the 
morning and rising in the afternoon and night. 

(24) Cannabis eativa (Cannabinew, Fam. 195).—We have 
hero the rare case of Jonves moving downwards in the evening, 
but not to a sufficient degree to be callod sleep.” In the early 
‘morning, or in the latter part of the night, they move upwards. 
For instance, all the young leaves near the summits of several 
stoma stood almost horizontally at Sa... May 29th, and at 
10.307.31, were considerably declined. On a subsequent day two 
Jeaves stood at 2p.ot, at 21° and 12° baneath the horizon, and at 
10 PM. ot 38° beneath it, Two other leaves on younger plant 
wore horizontal at 2r.a., and ot 10 rat, had sunk to 86° beneath: 
the horizon, With respect to this downward movement of the 
leaves, Kraus believes that it is duo to their opinastic growth. 
‘He adds, that tho leaves are relaxed during the day, and tense 
at night, both in sunny and rainy weather. 

(25.) Pinus pinaster (Coniform, Fam. 223)—Tho loaves on tho 
summits of the terminal shoots stand at first in a bundle almost 
upright, but they soon diverge and ultimately became almost 
horizontal. The movements of a young leaf, nearly ono inch in 
length, on the summit of a seedling plant only 8 inches high, 
were traced from the early morning of June Qnd to the evening 
of the 7th. During these fire days the leuf diverged, and ite apo 
descended at first in an almost straight line; but during the two 
Jnttor days ft aigzagged so much that it was evidently cireumnn~ 
tating. ‘Thorame Little plant, whon grown to a height of 5 incbes, 
was again observed during four days. A filament was fied 





doscended at night, Next morning the pot was moved 
one fnch to the right, and « new traeing was began (B). 
From thie time, vis, 74m August 2nd to 820 aot. on tho 4th, 


* Wo wore led to observo thia Flora, We rogret 
plant by Dr. Carl Kmae’ ena ly ote pare 
- paper. 
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the leaf manifestly efreumnutated. Tt docs not appear from the 
Aiagram that the leaves movo periodically, for the desconding 
cours during the fimt two nights, was clearly duo to epinastio 


al 68 osm, 38 


. 


Css 
| 
; ae ieee 
<Tam. 


Pins pinaster: ciscomnutation of young le, traced from 11-43 4K 
Joly Gist to 820 am, Ang. 4th. AL 7 4 Aug. 2nd the Dot was 
‘moved an inch 40 one ride. wo that the cuisis of two figures. 
‘Apex of lat 15} inches Trem the verti plomy 6 sosressenbe eck 
‘magnified. 





growth, and nt tho close of our observations the Teaf wus not 
nearly 60 horizontal as it would ultimately become. 
Pinus ausiriace—Two loaves, 8 inches in length, bub not 
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quite fully grown, produced by a Interal shoot, on a young fee 
53 foot in height, were observed during sons Wales 
samo manner a8 tho leaves of the previous spocies, Both 


Fig, 14, 





traced 
from 8.30 sat, June 
22nd to B dak June 
Qdth. Apex of leatlot 
7} inchos from the vor 
ical gles, #0 tracing 
ot greatly magnified, 
and here reduced Ws 
one-third of ori 

solos temp. 197-2190, 


was slided about an 


leaves certainly cirenmmutated, poi 
within the above period two, or two and 
a half, small, irregular ellipses. 

(26.) Cyeas pectinata (Cycadem, Fam. 
224),—A young leaf, 114 inches in 
length, of which the leaflets had only 
recently become uncurled, was observed 
during 47h. 30m. The main petiole 
was secured to a stick at the base of the 
two terminal leafiets, ‘To one of the 
Inttor, $2 inches in length, filament 
wns fixed ; the leaflet was much bowed 
downward, but as the terminal part was 
upturned, the filament projected almost 
horizontally, ‘The leaflet moved (sce 
Fig. 114) largely und periodically, for it 
fell until about 7 pat. and rose during 
the night, falling again next morning 
after 6.40 ast. The desconding lines 
fare in a marked manner zigzg, und 80 
probably would have been tho ascending 
lines, if they had bean traced thronghout 
tho night. 


Orxcumxvration oF Leaves: 
MonocoryLEpons, 

27.) Canaw Warscowicat! (Cannnoem, 
Fam, 2)—The movements of a young 
leaf, 8 inches in length and 8) in 
‘breadth, produced by @ vigorous young: 
plant, were observed during 45 h. 
50m, 98 ehown in Fig, 115, Tho pot 


inch to the right on the morning of the 


Lth, a a gingle figure would have been too complicated; but 
‘the two figures aro continuous in time, The moyoment is 
Periodical, as the leaf descended from the early morning until 
abont Sea, and nsconded during tho rost of tho evening and 
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part of the night. On tho ovening of the 1 {th it ciroummutatod 
| on a small soale for some timo about the same spot, 


Fig: 115, 





Be 

Canna Waracewiceit = pees cof lenf, tracod (A) from — am, 
‘June 10th to 6.40 At. 11th; and (B) from 6.40 a. 11th to 8 

12th. ped ef oat inches fom she verti plas 


(QR) Iris paeudo-acorus (Lrideo, Fam, 10)—The movements 
of u young leaf, rising 13 inches above the water in which the 
plant grew, were traced ns shown in the Fig 116. 














(at which Jatter hour the figure here 

given ondy), the apex changed its course 

fivotimes, During thenoxt $h. 40m. it 

“xlgzagged much, and descended as far 

iev'tin Towest dot in the fare, making 

vineaie) of tee ened 
from 10,90 x May 28th 
to 2 na. 29th. 


eres Ci ub ee 


Of lat 12 feds tame 
‘the horisental glase, 20 


nfked, Temp. 19a, 


to the height of about a fuot; afterwards 
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their tips begin to hend over, and subsequenily hang vertically 
down, and thus continuo to grow. A rather young leaf was 
selected, of which the dependent tapering point was as yot only 
54 inches in length, the upright basal part being 20 inches high, 
though thie part would ultimutaly become shorter by being 
more bent over. A large bell-glass was placed over the plant, 
with n black dot on ono xido; and by bringing the dependent 
apex of the leaf into a line with this dot, the aecom, 

figuro (Pig. 117) was traced on the other side of the bell, during 
2hdays. During the first day (22nd) the tip travelled laterally 
fax to the left, perhaps in consequence of tho plant having been 


Fig. 117, 





sail 


Chima copenst« cireumnstation of dependent tip of young lef triced om 
a Wang, tm 10.80 nat, May 22nd to 10,15 4.31. Figure not 
steatly magnified, 


disturbed ; and tho Inst dot made at 10.30 pst. on thie day is 
alone here given. As we sec in the figuro, there can be no 
doubt that the apex of this leaf cireumnutated, 

‘A glow: filament with little triangles of paper was at the 
ame time fixed obliquely across the tip of a atill younger Ieaf, 
which stood vertically up and wus as yet straight. Its mowo- 
ments wore traced from 3pm. May 2nd to 10.15 a, 26th, 
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and had thns made the first step towards becoming dependent, 
‘was traced orthogonically by the aid of a cube of wood (in the 
manner before explained); and it was thus ascertained that the 
actual distance travelled by the apex, and duo to circumnutation, 
was §} inches in the course of 20h. Daring the next 24 b. it 
tzavolled 2} inches. The circumnutating movement, therefore, 
of this young leaf was atrongly marked. 

(G0.) Pancratium littorale (Amaryllidew)—The movements, 
much magnified, of a leaf, 9 inches in length and inclined at 
about 45° above the horizon, wero traced during two days, On 
the first day it changed its course completely, upwards and 
downwards and laterally, 9 times in 12h. ; and the figure traced 
apparently represented five. ollipsee, On the second day it was 
observed seldomer, and was therefore not seen to change its 
course 20 often, viz., only 6 timos, but in the same complex 
manner ws before, Tho movoments were small in extent, but 
there could be no doubt about the circumnutation of the leaf. 

(BL) Jmatophytum vol Clivia (sp.?) (Amaryllidem)—A long 
lass filament was fixed to a leaf, and the angle formed by it 
with the horizon was measured occasionally during three suc~ 
cossive days. It fell each morning until between 3 and 4 v.2t,, 
and rose at night. The smallest angle at any time above the 
horizon was 4¢°, and the largest 60°; so that it rose only 2° 
at night; but as thie was observed exch day, and as similar 
observations were nightly made on another loaf on a distinct 
plant, there can be no doubt that the leaves move periodically, 
though toa vory small extent. ‘The position of the apex when 
it stood highest was ‘8 of an inch above its lowest point, 

(82) Pistia stratiotes (Arvidew, Pum. 80).— Hofmeister 
remarks that tho loaves of thia floating water-plant are mora 
highly inclined at night than by day.* We theroforo fastened 
a fine glass lament to the midrib of @ moderately young 
loaf, and on Sopt. 19th monsured the angle which it formed 
with the horizon 14 times between 9 ao, and 11.60.r.a. Tho 
stemperntnre of the hot-house varied during the two days of 
observation betwoon 184° and 234°C. At 9 A.t. the filament 
stood at $2° above the horizon; nt 8.34r.a, at 10° and at 
LLEO px. at 55°; these two latter angles being the highest and 


* * Dio Lebro von der Pilanzonzella,’ 1867, p. S27- 
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Sand6ru. On the noxt day the leaf stood at only 10° above 
the horizon at 8.26 a.m, and it remained at about 15° till past 
Brow; at 640 pa. it was 23°, and at 9.80 pot, 58°; so that 
the risa was more sudden this evening than om the 

‘one, and the difference in the angle amounted to 48°. The 
movement is obviously periodical, anti ax the lenf stood on the 


shall see in w future chapter, ought perhaps to have been 
included under the head of eleeping plants. 
(83.) Pontederia (sp.2) (from the highiands of St. Catharina, 


Fig. 118. 


Pontederds (op. #)+ sirourmnutation of teal, trace trem 4.50 vat, July Qad 
to 10.9 


AM. 4th, Apex of leaf 16} iaches from the vertical ” 
iootagigeadip papeltds, Seeatines Io Te tal secaes eoher 
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amall space, but during the night and the whole following day 
it aacondod in tho samo general direction; the ascont boing 
effected by repeated up and down well-pronoanced oscillations. 


Cryrrocams. 


(BL) Nephrodium molte (Bitices, Fam. 1)—A filament ‘was 
fixed near the apex of a young frond of this Fern, 17 inches 
in height, which was not as yet fully uncurled; and its move 
ments were traced during 24h, We gee in Fig. 119 that it 


Fig. 119, 


See 


fephrodium motle: elroumnutation of rachis, traced from 9.15 A. May 
26th to 9 Amt Bch, Figure bere given two-thinds of origiual scale. 


plainly circumnutated. ‘The movement wasnot greatly magnified 
ng the frond was placed near to the vertical glaea, and would 
probably have been groster and moro rapid had the day been 
warmor, Tor the plant was brought out of a warm greenhouse 
‘and observed under a skylight, where tho temperature was 
between 15"and 16°C, We have seen in Chap. I. that a frond of 
this Pern, as yet only slightly lobed and with « ruchis only 23 
ineh in height, plainly cireumnutated,* 


trichomanes, They movo almoxt thot it clroumrutates, Bot’ the 
us rapidly a the little Teaflets movement differs from ordinury 
8 
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In the chapter on the Sleep of Plants the conspicnons eircam~ 
nutation of Marailea quadri/eliata (Maailoaces, Fara. 4) will be 


4 

It has also been shown in Chap. T. that a very young Sea 
ginella (Lycopodincem, Pam, 6), only “4 inch in height, plainly 
circummutated; we may therefore conclude that older plants, 
whilst growing, would do tho same, 

(85.) Lunularia wulgaria (Hopatiom, Fam. 11, Muscaies)— 


‘The earth in an olil flower-pot was 
Fig. 120, coated with this plant, bearing 
‘ goramm, A highly inclined frond, 
\ which projected B inch above the 


soi] and was “4 inoh in breadth, was 
uoloctod for obscrvation. A glass 
hair of extreme tenuity, ‘75 inch 
in length, with ita end whitened, 
was comented with shollac to the 
frond at right angles to its breadth ; 
and a white stick with a minute 
hinck «pot was driven into tho evil 
clove behind the end of the hain 
‘The white end could bo accurately 
‘brought into a tine with the black 
spot, and dots could thus be suc- 
cossively mnde on the vertical 
glass-plate in front. Any movo- 
ment of the frond would of cours 
be exhibited and increased Ly the 
long glaws hairy and the black spot 
‘was placed #0 close behind the end 
of the hafr, relatively to the dice 
tance of the glase-plate in front, 
that the morement of the end was 





‘magnified abont 40 times. Never- 

Lovalona radars eresiniiie, theloss, wo are convinced that our 
Das. Oct 2th to#awe 27th, tracing gives a fairly faithful re- 
ion of the movements of 

the frond. In the intervals between each observation, the plant 
wae covered hy a small bellglass. The frond, as alrewly stated, 


ecomeietor ms 2 ates Gt | pln! ext tan Gris 
Tides evea rail ie 
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‘wns highly inclined, and the pot stood in front of n north-wst- 
window. During tho fivo first days the frond moved downwards. 
or became loss inclined; and the long line which was traced 
wns strongly zigzag, with loops occasionally formed or nearly 
formed; and this indicated cireamnutation, Whothor tho sink- 
ing was due to epinastic growth, or apheliotropian, we do not 
know. As tho sinking was slight on the fifth day, @ new tracing 
‘wus bogun on tho sixth day (Oct. 25th), and was continued 
for 47 b,; itis here given (Pig, 120), Another tracing was made 
‘on the next day (27th) and the frond was found to be stil! ef 
cumnatating, for during Mh, 80 m, it changed its course com- 
pletely (besides minor changes) 10 times, It was casaully 
observed for two more days, aud was geen to be continually 
moving. 

‘The lowest members of the vegetable series, the Thallogens, 
apparently cireunnatate. If an Oseillaria be watched under 
‘tho microscope, it may bo teen to doueribe circles about every 
40 seconds After it has bent to one side, the tip that begins 
to bend back to the opposite side and then the whole filament 
curves over in the eame dirovtion. Hofmeister® has given a 
minute account of the curious, but less reular though constant, 
morements of Spirogyra: during 24 bh. the filament moved 4 
times to the loft and 3 times to the right, and he rofora to a 
movement at right angles to tho above, ‘Lhe tip moved at the 
rate of about 01 mm. in five minutes, He compares the move 
‘tment with the nutation of the higher plantat We shall hereafter 
#00 that heliotropic movements result from modified cireum- 
notation, and as unicellular Moulds bend to the light we may 
infer that they alzo eireumnutate, q 


Conxciopixe Remarks oN THE CrRcUMNUTATION 
or Leaves. 
‘The eircumnutating movements of young loaves in 
33 genera, belonging to 25 families, widely distributed 


4,,Usbor dio Domesunge dar 3880, wl Lp 88) tha tho 
Foden i movemonia na, 

erates tirraters  lnrot ne Oulaforiom, eTeatoaty 

Madische akan iu Wirt- analogous “to tho well-knowa 


rotation. of a 
alsorvnaatks (aaquoted tendrils.” oo ro 
fn ‘Journal R. Microscop. See,’ 
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amongst ordinary and gymnospermous Dicotyledons 
and amongst Monocotyledons, together with several 
Cryptogams, have now been described. It would, 
therefore, not be rash to assume that the growing 
leayes of all plants circumnutate, as we have scen 
reagon to conclude is the case with cotyledons, The 
seat of movement generally lies in the petiole, but 
sometimes both in the petiole and blade, or in the 
blade alone. The extent of the movement differed much 
in different plants; but the distance passed over was 
never great, except with Pistia, which ought perhaps 
to have been included amongst sleeping plants. The 
angular movement of the Ienyes was only occasionally 
measured ; it commonly varied from only 2° (and pro- 
bably even less in some instances) to about 10°; but 
it amounted to 23° in the common bean, ‘The move- 
ment is chiefly in a vertical plane, but as the ascending 
and descending lines never coincided, there was always 
some lateral movement, and thus irregular ellipses 
were formed. The movement, therefore, deserves to 
be called one of cireumnutation ; for «ll circumnuta- 
ting organs tend to describe ellipses,—that is, growth 
on one side is succeeded by growth on nearly but not 
quite the opposite side, The ellipses, or the zigeag 
lines representing drawn-ont ellipses, are generally 
very narrow; yet with the Camellia, their minor axes 
were half as long, and with the Eucalyptus more than 
half as long as their major axes. In the case of Cissus, 
ports of the figure more nearly represented circles than 
ellipses. The amount of lateral movement is therefore 
sometimes considerable, Moreover, the longer axes 
of the successively formed ellipses (as with the Bean, 
Cissus, and Sea-kale), and in several instances the 
xigmg lines ropresenting cllipses, were extended in 
very difforent directions during the same day or on 
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the next day. The course followed was curvilinear or 
straight, or slightly or strongly zigzag, and little loops 
or triangles were often formed. A single large irregular 
ellipse may be deseribed on one day, and two smaller 
ones by the same planton the next day. With Drosen 
two, and with Lupinus, Eucalyptus and Pancratinm, 
several were formed ench day, 

The oscillatory and jorking movements of the leavey 
of Diouwa, which resemble those of the hypocoty] of 
the cabbage, ure highly remarkable, as seen under the 
microscope. They continue night and day for some 
months, and are displayed by young unexpanded leaves, 
and by old ones which have lost their sensibility to a 
touch, but which, after absorbing animal matter, clase 
their lobes, We shall hereafter mect with the same 
kind of movement in the joints of certain Graminew, 
and it is probably common to many plants while cir- 
cumnutating. It is, therefore, a strange fact that no 
such movement could be detected in the tentacles of 
Drosera rotundifolia, though a member of the same 
family with Dionwa ; yet the tentacle which was ob- 
served was 80 sensitive, that it began to curl inwards 
in 23 seconds after being touched by a bit of raw meat. 

One of the most interesting facts with respect to 
the cireumnutution of leaves is the periodicity of thoir 
movements; for they often, or even generally, rise a 
little in the evening and early part of the night, and 
sink again on the following morning. Exuetly the 
same phenomenon was observed in the case of eoty- 
Jedons, The leaves in 16 genera out of the 38 which 
were observed behayed in this manner, as did probably 
2others. Nor must it be supposed that in the remain- 
ing 15 genera there was no periodicity in their move 
ments; for 6 of them were observed during too short 
‘8 period for any judgment to be formed on this head, 
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and $ were so young that their epinastic growth, 
which serves to bring them down into a horizontal 
position, overpowered every other kind of movement. 
In only one genus, Cannabis, did the leaves sink in 
the evening, and Kraus attributes this movement to 
the prepoteney of their epinastic growth. ‘That the 
periodicity is determined by the daily alternations 
of light and darkness there can hardly be « doubt, as 
will hereafter be shown. Insectivorous plants are 
very little affected, as fur as their movements are con- 
cerned, by light; and hence probably it is that their 
leaves, ut least in the cases of Surracenia, Drosera, and 
Dionia, do not move periodically. The upward move- 
mont in the evening is at first slow, and with different 
plants bogins at very different hours ;—with Glaucium 
as carly as 1] a.m, commonly between 8 and 5 Pat, 
bnt sometimes as late as 7 rt, It should be observed 
that none of the leaves described in this chapter 
(except, as wo bolieve, those of Lrpinue epectoeue) 
possess a pulvinus; for the periodical movements of 
leaves thus provided have generally been amplified 
into so-called sleep-movements, with which we are not 
here concerned. The fact of leaves and cotyledons 
frequently, or even generally, rising a little in the 
evening and sinking in the morning, is of interest as 
giving the foundation from which the specialised sloep- 
movements of many leaves and cotyledons, not pro- 
vided with a pulvinus, have been developed. The 
above periodicity should be kept in mind, by any one 
considering the problem of the horizontal position of 
Teaves and cotyledons during the day, whilst illumi- 
nated from above. 


CHAPTER V. 


Moviwien Cincemsvtariox: Crnmoixe Phare; Evrmasrio axt 
Hyroxasrie Movimsrs, 


Citeumngtation modifel though Innate causss or through the action 
of external covditions—Innate causes—Climbing planta: similarity 
of their wovernents with thoan of ordinary plants; inereased ampli 
tude; oocnsional points of differenoa—Epinnati growth of young 
Jeavos—Hyponastic growth of tho hypocotyls and epicotyls of weed 
Linge—Hoolod tips of climbing and other planta due to modified 
oirvumnutntion— Ampelopas tricarpiduta —Sinithin Pfandli— 
Strightining of the tip duo to hyponusty—Epinartio growth and 
circumputation of the flower-poduncles of Trifolium repens und 
Onalis carnows, 


‘Tun radieles, hypocotyls and epicotyls of seedling 
plants, oven before they emerge from the ground, and 
afterwards the cotyledons, are all continually eireum- 
mutating. So it is with the stems, stolons, flower 
peduncles, and leaves of older plants. We may, there- 
fore, infer with a considerable degree of safety that all 
the growing parts of all plants cireumnutate. Although 
this moyement, in its ordinary or unmodified state, 
appears in some casex to be of service to. plants, 
either directly or indireetly—for instance, the eireum- 
nutation of the mdicle in penctrating the ground, or 
that of the arched hypocotyl and epicoty! in breaking 
through the surface—yet cireumnutation is so general, 
or mither so universal 2 phenomenon, that we cannot 
suppose it to have been gained for any special ymr- 
pose. We must beliove that it follows im some un- 
known way from the manner in which vegetable tissues 
grow. 
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We shall-now consider the many cases in which 
circumnutation has been modified for various special 
purposes; that is, a movement already in progress is 
temporarily increased in some one direction, and tem~ 
porarily diminished or quite arrested in other direc~ 
tions. These cases may be divided in two sub-classes ; 
in one of which the modification depends on innate or 
constitutional causes, and is independent of external 
conditions, excepting in so far that the proper ones for 
growth must be present. In the second sub-class the 
modification depends to a lange extent on external 
agencies, such as the daily alternations of light and 
darknoss, or light alono, temperature, or the attraction 
of gravity. The first small sub-class will be considered. 
in the present chapter, and the second sub-class in the 
remainder of this volume. 


Tur Creumnvrarios or Chocmixo Poaxts. 


The simplest ease of modified circumnutation is that 
offered by climbing plants, with the exception of 
those which climb by the aid of motionless hooks or 
of rootlets: for the motlification consists chiofly in the 
greatly increased amplitude of the movement. This 
would follow either from greatly increased growth over 
a small length, or more probably from moderately ine 
creased growth spread over a considerable length of the 
moving organ, preceded by turgescence, and acting suc- 
ceasively on all sides. The cireumnutation of climbers 
is more regular than that of ordinary plants; but in 
almost every other respect there is a close similarity 
between their movements, namely, in their tendency 
to describe ellipwos diroctad successively to all points 
of the compass—in their courses being often inter 
rupted by zigzag lines, triangles, loops, or small 
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ellipses—in the rate of movement, and in different 
species revolving once or several times within the same 
length of time. In the same internode, the move- 
ments cease first in the lower part and then slowly 
upwards. In both sets of cases the movement may be 
modified in a closely analogous manner by geotropism 
and by heliotropism; though few climbing plants are 
holiotropic. Other points of similarity might be 
pointed out. 

That the movements of climbing plants consist of 
ordinary circumnutation, modified by being increased 
in amplitude, is woll exhibited whilst the plants aro 
‘very young; for nt this early age they move like other 
seedlings, but us they grow older their movements 
gradually increase without undergoing any other 
change. ‘That this power is innate, and is not excited 
by any external agencies, beyond those necessary for 
growth and vigour, is obvious, No one doubts that 
this power has been gained for the sake of enabling 
climbing plants to ascend to a height, and thus to 
reach the light, This is effected by two very different 
methods; first, by twining spirally round a support, 
but to do go their stems must be long and flexible ; 
and, seeondly, in the case of leaf-climbers and tendril- 
bearers, by bringing these organs into contact with a 
support, which is then seized by the aid of their 
sensitiveness, It may bo here remarked that these 
Jatter movements have no relation, as far as we can 
judge, with cireumnutation. Tn other cases the tips 


_ of tendrils, after having been brought inte contact with 


a support, become developed into little discs which 
adhere firmly to it, 

We haye stid that the cireumnatation of climbing 
Plants differs from that of ordinary plants chiefly by 
its greater amplitude, But most leaves circumnntate 
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in an almost vertical plane, and therefore describe very 
narrow ellipses, whereas the many kinds of tendrils 
which consist of metamorphosed leaves, make much 
broader ellipses or nearly cireular figures; and thus 
they have a far better chance of catching hold of a 
support on any side. The movements of climbing 
plants have also been modified in some few othor 
special ways. ‘Thus the cireumnntating stems of Sol- 
nanum duleamara can twine round a support only 
when this is as thin and flexible as a string or thread. 
Tho twining stems of several British plants cannot 
twine round a support when it is more than a few 
inches in thickness; whilst in tropical forests some 
can embrace thick tranks;* and this great difference 
in power depends on some unknown difference in 
their manner of cireummntation. Lhe most remarkable 
special modification of thie movement which we have 
observed is in the tondrils of Kehinoeystia lobata ; these 
are usnally inclined at about 45° above the horizon, 
but they stiffen and straighten themselves so as to 
stand upright in a part of their cireular course, namely, 
when they approach and have to pass over the summit 
of the shoot from which they arise. If they had not 
possessed and exercised this carious power, they would 
infallibly have struck against the summit of the shoot 
and been arrested in their course. As avon as one of 
these tendrils with its three branches begins to stiffen 
itself and rise up vertically, the revolving motion 
becomes more rapid; and as soon as it has passed 
over the’ point of difficulty, its motion coinciding 
with that from its own weight, causes it to full into its 
previously inclined position so quickly, that the apex 
can be soon travelling like the hand of a gigantic clock. 


* "The Movements and Habits of Climbing Plants,” p. 6, 
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A large number of ordinary leayes and leaflets and 
a few flower-peduncles are provided with pulvini; but 
this is not the case with a single tendril at present 
known. The cause of this difference probably lies in 
the fact, that the chief service of a pulyinus is to 
prolong the movement of the part thus provided after 
growth has ceased; and as tendrils or other climbing- 
‘organs are of use only whilst the plant is increasing 
in height or growing, a pulvinus which seryed to 
prolong their movements would be useless, 


It was shown in the last chapter that the stolons or 
tunners of certain plants cireumnutate largely, and 
that this movement apparently aids them in finding « 
passage between the crowded stems of adjoining plants. 
If it could be proved that their movements had been 
modified and inereased for this special purpose, they 
ought to have been included in the present chapter; 
but as the amplitude of their revolutions is not se 
conspicuously different from that of ordinary plants, 
as in the case of climbers, we have no evidence on 
this head. We encounter the same doubt in the ease 
of some plants which bury their pods in the ground. 
This burying process is certainly favoured by the 
cireumnutation of the flower-peduncle; but we do not 
know whether it has been increased for this special 
purpose. 








Eprvasty—Hrronasty. 


The term epinasty is uscd by De Vries *'to express 
greater longitudinal growth along the upper than 
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along the lower side of a part, which is thus eaused to 
bend downwards; and hyponasty is used for the reversed 
process, by which the part is made to bend upwards, 
‘These actions come into play so frequently that the 
‘use of the above two terms is highly convenient. The 
movements thus induced result from a modified form 
of circumnutation; for, as we shall immediately see, 
an organ under the influence of epinasty docs not 
generally move in a straight line downwards, or under 
that of hyponasty upwards, but oscillates np and down 
with some lateral movement: it moves, however, in a 
preponderant manner in one direction. This shows 
that there is some growth on all sides of the part, but 
more on the upper side in the case of epinasty, and 
more on the lower side in that of hyponasty, than on 
the other sides. At the same time there may be in 
addition, as De Vries insists, increased growth on one 
side due to geotropism, and on another side due to 
heliotropism; and thus the effects of epinasty or of 
hyponasty may be either increased or lessened, 

He who likes, may speak of ordinary cireumnntation 
as being combined with epinasty, hyponasty, the effeets 
of grayitation, light, &c,; but it seoms to us, from 
reasons hereafter to be given, to be more correct to 
say that circumnutation is modified by these several 

cies. We will therefore speak of circummutation, 
which is always in progress, as modified by epinasty, 
hyponasty, geotropism, or other agencies, whether 
internal or external, 


One of the commonest and simplest cases of epinasty is that 
offered by leaves, which at an early age are crowded togetber 
round the bude, and divonge as they grow older. Sacha first 
romarked that this was doe to increased growth along the upper 
side of the petiole and blade; aud De Vries hus now shown in 
more detail that tho movement is thus caused, aided slightly by 
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the weight of the leaf, and resisted an he believes by apogeo= 
tropiam, at least after the leaf has somewhat diverged. Tn our 
observations on the efoumnutation of leaves, some were selected 
which were rather too seg a0 Shed ing conianee io eiteee 
or sink downwards whilst their movements were 

‘This may royctasered ncnteanim ir ete strana 
and 249) representing the cixcumoutation of the young leaves of 
Acanthus moitis aud Melargonium sonale, Similar cases were ob- 
served with Drosera, ‘The movements of a young leaf, only # inch 
inlongth, of Petunia violaoca wero toed during four days, and 
offers # better instance (Pig. 111, p, 248), as it diverged during 
the whole of this time in a curionsly zigzag line with some of the 
angles sharply nouto, and during the lotter days plainly ciroum~ 
mutated. Some young leaves of about the sume age on a plant 
of this Petunia, which had bon taid horizontally, and on another 
plant which was loft upright, both being kept in complote dayk- 
ness, diverged in the same manner for 43 h,, aud apparently 
‘were not affected by apogeotropism ; though their stems were in 
a stato of high tension, for whon frood from the sticks to which 
‘they had been tied, they instantly curled upwards, 

Tho leaves, whilst very young, on the leading shoots of the 
Carnation (Dianthus oueyvphyltua) are highly inolined or vertical ; 
and if the plant is growing vigorously they diverge so quickly 
that they become almost horizontal in a day, Ent thay move 

in a rathor oblique line and continuo for some time 
afterwards to move in the sume direotion, in connection, we pire= 
sumo, with their spiral arrangement on the stem, ‘Che course 
yrauod by a young leaf whilst thus obliquely descending was 
treed, and the line was distinctly yet not strongly zigzag ; the 
Inrger angles formed by the saceessive linet amounting only to 
125°, 154°, and 168°, ‘The subsequent lateral movement (shown 
in Fig. 96, p. 291) was strongly zigzag with occasional clrcum- 
nutationa The divergence and sinking of the young leaves 
‘of this plant sccm to be very little affected by geotropiam or 
heliotropism; for u plant, the leaves of which were growing 
rather slowly (as ascertained by measurement) was laid hori- 
zontally, and the opposite young leaves diverged from one 
another synunetrically in the usual manner, without any up- 
turning in the direction of gravitation or towards the light. 

The neodle-like leaves of Pinus pinaster form a bundle whilab 
Young; afterwards they slowly diverge, so that those on the up. 
right ghoots become horizontal. The movements of one euch 
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young leaf was tmeed during 4 days, and the tracing horo given 
(Pig. 121) shows that it desconded at first in a newrly straight 


Fig 1p 
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line, but afterwards zigzagged, 
making one or two littte loop, 
‘the diverging aud descend= 
ing movement of a rather 
older leaf were aloo tmood 
(seo former Pig. 113, p. 251): 
it descended during tha first 
day and night in a rome 
what zigzag line; it then cir 
cumnntated round # small 
space and ngain doseondod. 
By this time the leaf had 
nearly mexnmed its final posi- 
tion, and now plainly citeum: 
nutated, Asin the caseof the 
Carnation, the leaves, whilat 
very young, do not scam to bo 
auch affected ly geotropienn 
or helfotropixmn, for those on a 
young plant laid horizontally, 
and thove on another plant 
loft upright, both kopt in the 
dark, continued to diverge it 
the usual manner withont 
Lending to either side. 

With Coben scoudens, the 
young leaves, ws they succes 
sively diverge from the Toad 
ing shoot which in bent to 
one side, rise up £0 as to pro 
ject vertically, and they retain 
this position for some thn 
‘whilst tho tendril ix rvvolving. 
The divencing ard asconding 
movernents of the petiole of 
‘ouo auch a leaf, wore tmoed on 
fa vertical glass under a aky- 
Night; and the course pursued 
was in most parts nearly 
straight, but thore were two 
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woll-marked zigzage (one of them forming an angle of 112), 
and this indicates cirowmnutation. 

‘Tho still closed lobes of a young leat of ‘Dionsa projected at 
right angles to tho petiolo, and wore in the aot of slowly rising. 
A glass filarnont was attached to the under sido of tho midrib, 
and its movements were trced on # vertical glass. It elreum= 
nntated once in tho evening, and on the naxt day roso, as alroady 
deseribed (seo Fig. 106, p. 240), by a number of seutely zigzag 
lines, closely approaching in character to ellipwes. ‘This hel 
tment no doubt was due to epinasty, aided by a) 
dea plceed lobe of aiyars song seat nite alemenea atk 
‘been placed horizontatly, moved into nearly the same line with 
the potiole, ax if the plant had stood upright; but at tho samo 
time tho Jobor curved laterally upwards, and thus occupied an 
‘unnatural position, obliquely to the plane of the foliaceows petiole. 

‘As the hypocotyls and epieotyls of gome plants protrade fran 
tho sccd-couts in on arched form, it is doubtful whether the 
seching of these parts, which is invariably present when they 
break through the ground, ought alwaya to he attributed to 
opinasty; but when they are at firet etraight and oftorwands 
become arched, as often happens, the arching ls certainly due to 
opinasty, As Jong as the arch ix strrounded by compact carth 
it must rotein its form; but as soon as jt rites above the 
surface, or even before this period if artificially feed from the 
snrrounding pressure, it beging to straighten itself, and this no. 
doubt i mainly due to hyponasly. ‘The movemont of tho 
‘upper and lower half of the arch, aud of tho crown, was occa 
sionally traced ; and the course was moro or less zigzag, showing, 
modified eircumnutation, 


With not a fow plants, eapocially climbers, the summit of the 
shoot is hooked, #o that the apex points vertically dowawards, 
In seven genera of twining plants * the hooking, ora ithae boom 
called ty Sacha, tho nutution of tho tip, ia mainly duo to on 
exuggerstel form of circumnutation, That is, the growth is so 
great along one side that it bends the shoot complotely over to 
the oppesite side, thus forming a hook; tho longitudinal line or 
zoue of growth then travels a little laterally round the shoot, 
and the hook points in a slightly different direction, and so 
onwards until the hook is completely reversed, Ultimately it 


* Tho Movermate and Habits of Climbing Plants,’ 2nd edit. p. 13. 
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comes back to the point whence it started. "This was ascertained 
ly painting narrow lines with Indian ink along the convex 
surface of several hooks, and the line was found slowly to be« 
come at first lateral, thon to appear along the concave surface, 
and ultimately back again on the convex surfoce. In the ease of 
Lonicera brarhypeda the hooked terminal part of the revolving 
shoot straightens itself periodically, but is novor roverved ; that 
is, the periodically increased growth of the concave side of the 
hook is sufficient only to straighten tt, and not to bend it over 
to the opporite side, Tho hooking of the tip is of wervice to 
twining plants by aiding them to catch hold of a support, and 
afterwards by enabling this part to embrace the support much 
‘moro closely than it could otherwise have dono at first, thas 
proventing it, as we often observed, from being blown away by a 
strong wind. Whether the advantage thue gained hy twining 
plants accounts for their summits being eo frequently hooked, 
wo do not know, as this structure is not very rare with plants 
which do not elimb, and with omoclimbers (for Instance, Vitis, 
Ampelopsis, Cissus, &¢.) to whom it does not afford any adsist~ 
ance in climbing. 

‘With respect to thora casos in which the tip rumains always 
‘bent or hooked towards tho samo sido, aa in the gonorn just 
named, the most obvious explanation is that the tending is due 
to continued growth in excess alotig the eonver side Wiesner, 
however, maintaina® that in all cases tho hooking of the tip ia 
tho result of its plasticity and weight,—a conclusion which from 
what we have already ston with several climbing plante ix 
certainly erroneous. Neverthclem, we fully admit that tho 
weight of the part, as well as geotropism, &c., sometimes come 


into play. 

Ampelopsis triewpidata.—Thia plant climbs by the aid of 
adhesive tendrils, and the hooked tips of the shoots do not 
appear to be of any service to it. ‘The hooking dnpenils chiefly, 
as far as we could ascertain, on tho tip being affoctod by epinasty 
and geotropixm ; the lower and older parts continually straight- 
ening themselves through hyponasty and apogeotropian. We 
helieve that the weight of tho apex is an unimportant clement, 
Vecause on horizontal or inclined shoots the hook is often 
extonded horizontally or even faces upwarde -Mornover shoots 
froqnently form loops instead of hooks; and in thie cass the 
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extrome part, instead of hang- Fig. 122, ge 
ing vertically down ax would 
follow if weight was the efficient 
cause, extends horizontally or 
even points upwards, A shoot, 
whieh terminated in a rather 
‘open hook, was fastened in 
w highly inclined downward 
caged 20 that the concave 
faced upwards, and the 
result wasthatthe apor nt first — 7 9@uanad’ 
curved upwards, ‘This ap- 
parently was due to epinasty 
and not to apogeotropism, for 
the apex, soon after passing 
‘the perpendicular, curved so 
rapidly downwards that we 
could not doubt that the move- i 
mont was at leat nided by | } 


geotropim. In the course of 
6 few hours the hook was thus j 
converted into # loop with the 





apex of tho shoot pointing 

straight downwards, The 

longer axis of tho Joop was at bse 
first horizontal, but after- j 
‘wards became vortical. During 

‘this same time the basal part 

of the hoak (and eubsoquontly 

of the loop) curved itaolf slowly | 
upwards; and thix must hare if 


been wholly das to apogeo- i * 
| tropism in opposition to hypo- , 
nasty. ‘Tho loop was then rho 


fastened upside down, xo that 
‘its basal half would be simul- 


hypo- 

nasty Anpetopsis trioupidita + hsponestiw 

so. Leaves besa Tmovenet of beak tip oF badiag 
seotropism shoot, traced from 8.10 4.%¢ duly 
itself so greatly upwards in 13th to 8.a.s. 15th, Apex of shoot 

| the course of only 4h, that eget aon Og 
there could hardly be a doubt ee ene ie ene 
that both foreon were acting {luca saciid ofongioak eae 
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Fig 128 JPR 
Osha 


Sinithis fi io movement 

erie yentne ppb ery 

scraghtening tal, , 

Ax July 1000 to Seat 10th. Apex 

0} inches from the vertical 
reduced to 


the 


ani seale, Plant illnminated 
through skylight j emp. 174°=14" C. 





together. At tho mme time 


whether the shoots of 4. tri= 
cuspidata in straightening 


wimp! 

whether they ei 

glass filaments ware fixed to 
‘the crowna of four hooked 
‘tips standing in their nataral 
ponition; and the movements 
‘of tho filaments wore traced. 
on a vertical glass. All four 
troings resembled each other 
in a general manner ; but we 
will givo only one (seo Pig. 
122, p. 273). The filament 
ross at finst, which shows 
‘that the hook was straighten= 
ing itself; it thon zigzapged, 
moving a little to tho left 
betwoon 9.25 ax. and Soro. 
Prom this latter hour on tho: 
18th to 10,50 491, on the fol 


But from 1 rat. to 1040 nar, 
on the 14th the movement 
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was reversed and the shoot became more hooked. During 
the night, after 10.40 wat. to 8.15 a.st. on the Lith, the hook 
again oponed or stmightoned iteolf, By thia time tho glase 
filament had become #o highly inclined that its movements could 
no longer be traced with necorney ; and by 1.30 von this same 
day, the crown of the former arch or hook had become perfectly 
straight and vertical, ‘There can therefore be no doubt that the 
straightening of the hooked shoot of this plant ia effected by 
tho cireumnutation of the arched portion—that ix, by growth 
alternating between the upper and lower surface, but propon~ 
dorant on tho lower surface, with some little lateral movement. 
‘We were onablod to trace tho movomont of another atraight- 
‘ening shoot for a longer period (owing to its slower growth and 
to ita having been placed furthor from the vertical glass), narnely, 
from tho early morning on July 13th to lato in tho evening of the 
16th. During the whole daytime of the Mth, the hook straight 
enod itsnlf vory little, but xigzngged and plainly creurnmntated, 
about nearly the «ame spot, By tho 16th it had become: 
straight, and the tracing was no longer securate, yot it was 
‘manifest that there wasstill a considerable amount of movement 
both up and down and laterally; for the crown whilst con- 
tinuing to straighten itself occasionally became for a short time 
mors curred, causing the filament to descend twice during the 


day. 
Smithic Pfundié—The stiff terminal shoots of this Loga- 
minous water-plant from Africa project so ns to make a rectangle 
With the stom below; but this ocours only when tho plants aro 
growing vigorously, for when kopt in a cool place, the summits 
of the atems become straight, aa thoy Likewise did at the close 
of the growing season. The diroction of tho rectangularly bent 
port is independent of the chief source of light. But from 
observing tho otfeets of placing planta in the dark, in which 
caso eavoral shoots became in two or throo days upright or nearly 
upright, and when brought back into the light again became 
rectangularly curved, we believe that the bending is in part 
duo to apholiotropism, apparently somewhat opposed by apogvo~ 
tropism, On the other hand, from obmerring the efacte of fag 
1 shoot downwarda, 80 that the rectangle faced upwards, we are 
Jed to boliove that the curvature is partly duc to opinasty, Aw 
tho rectangularly bent portion of an upright stem grows older, 
tho lowar part straightons itsolf; and this is aflectod through 
hyponasty. Ee ee 
x 
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and inclined positions of the parts of plants* will see how diffl- 
cult a subject this is, and will fool no surpriso at our oxpressing 
oursolves doubtfully in this and othor such eases, 

A plant, 20 inches in height, was secured to a stick close 
beneath the curved summit, which formed rather less than a 
rectangle with the stom below. ‘The shoot pointed away from the 
observer; and a glass filament pointing towanls the vertica! glass 
on which the tracing was made, was fixed to the convex surfaoset 
the ourved portion. Therefore the deecending linos in tho figure 
roprosent the straightening of the curved portion as it grew 
older, ‘The treing (Rig. 193, p. 274) was bogun at 94.30, on 
July 10th; tho filament at first moved but Little in a zigzng line, 
but at 2 rat. it began rising and continued to do so till 9 raat; 
and this proves that the tarminal portion was being more tent 
downwards, After 9r.m. on the 10th an opposite movement 
commenced, and the curved portion began to straighten itelf, 
wnd this continued till 11.10 4.st.on tho 12th, but was interrupted 
by some small oscillations and zigeags, showing movement in 
different direetioms. After 11.10 aot. on the 12th this purt of 
‘tho stem, still considorably curved, circumnutated in a con- 
spicuows manner until nearly 2 7.9. on the 13th; but during all 
this time a downward movement of the filament prevailed, 
caused by tho continned stmightoning of tho stem. By the 
aflernoon of the 19th, the summit, which had originally been 
detlected more than a right angle from the perpendicular, hail 
grown #0 nearly straight that tho tracing could no longer be 
continued on the vertical glass. Thero can therefore be no 
doubt that tho straightening of the abruptly carved portion of 
tho growing stem of this plant, which appears to be wholly dae 
to hyponasty, is the reeult of modified cireumnutation, Wo 
will only mid that a filament was fixed in different manner 
cross tho curved sammit of another plant, and the ¢ame gunoral 
kind of movement was observed. 

‘Trifolium repews—In many, bat not in all the species of Tri- 
folium, as the separate little flowers wither, the sub-paduncles 
bend downwards, 0.28 to depend parallel to the upper part of 
tho main peduncle, In 7, subterruneum the main peduncle 
curves downwards for the sake of burying its capsulos, and in 
this species the subvpeduncles of tho separate flowers bend 
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Fig. 124, B 





Sam 





Trifolium repens: circumnu- | 

tating and epinastio move- 

ments of the sub-pedancle 

of a single flower, traced 

on a vertical glass under 

a skylight, in A from 11.80 

aM. Aug. 27th to 7 a.m. Ohms? 
30th; in B from 7 at. 

‘Aug. 30th to a little after 

6 pan, Sept. 8th, 
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upwards, so as to occupy the ame position relatively to the 
upper part of the main peduncle ns in ‘ty. repens. This fet 
alone would rondor it probable that the movomonts of the sub- 
peduncles in 1'r. repens were independent of geotropism. Never- 
theless, to make sure, some flower-heads were tied to little sticks 
upside down and others in a horizontal position; their sub- 
peduncles, however, all quickly curved upwards through the 
action of holiotropiam, We therefore protected some flowor- 
heads, similarly eooured to sticks, from the Light, end althougis 
some of them rotted, many of their sub-peduncles turned very 
slowly from thelr reversed or from their horizontal positions, 


independent of geotropism or apheliotropism ; it must there= 
bo attributed to opinnsty, which howevor ix checked, at lenst x 
long as tho flowers are young, by helictropiam. Most of the 
above flowers were never fertilised owing to the exclusion of 
beve | they consequently withered very slowly, and the movements 
of the sub-peduncles wore in like manner much retarded. 

‘To ascertain the nature of the movernant of the aub-peduncle, 
whilst bonding downwards, a filament was fixed across the 
saimmit of the calyx of not fully expanded and almost upright 
flower, nearly in the centro of the head. The main peduncle 
‘was soeurod to a stick closo buoath tho head. In ordar to #00 
the marks on the glass filament, a few flowers had to be cut 
away on the lower side of the head. ‘The flower under obser- 
vation at first diverged a little from its upright position, eo a8 
to oceupy the open space caused by the removal of the adjoining 
flowers, This required two days, after which time a now tracing 
was begun (Fig, L24), In Awe eco the complox cireumnatating 
course pursued from 11.90 at. Aug. 26th to 7 a1. on the 
30th. ‘The pot was then moved a very little to the right, and 
tho tracing (#) was continued without interruption from 7 4.3. 


when 
its movements could no longer be traced on the vertical glass, 
It was carefully observed during the wholo of tho 8th, and by 
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10.80 v.at, it had desconded to » point lower down by two-thirds 
of tho longth of tho figure.aa here given; but from want of epace 
tho tracing has been copied in B, only to a little aftor 6r.a, On 
the morning of the 9th the flower was withered, and the sub- 
pednnelo now stood at an angle of 57° beneath the horizon. If 
the flower had boon fortilised it would havo withered much 
sooner, and have moved much amore quickly, We thus seo that 
the sub-pedunelo ogoillated np and down, or circumuntated, 
suai its whole dowaward opinastis couma, 

Tho sub-peduncles of the fertilised and withered flowers 
of Ozalis carnora likewiao bond downwards through epinusty, 
a8 will be shown in a future chapter; and their downward 
course is strongly zigzag, indicating circumnutation. 


‘The number of instances in which various organs 
move through epinasty or hyponasty, often in com- 
bination with other forces, for the most diversified 
Purposes, seems to be inexhaustibly great; and from 
the several casos which haye boon here given, we may 
safely infer that such movements are due to 
circumnutation. 
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cotyledons of Mitnosa—Couelading remarks on radiation from Ieavee 
Small differences in the conditions make n great difference in the 
‘yemult—Desoription of the nyctitropic position and movements of 
the cotyledons of various plante—List of apocion— 


Tue so-called sleep of leaves is 80 conspicuous a 
phenomenon that it was observed og early as the 
time of Pliny ;* and since Linneus published his 
famous Essay, ‘Somnus Plantarom,’ it has been the 
subject of several memoirs, Many flowers close at 
night, and these are likewise said to sleep; but we 
are not here concerned with their movements, for 
although effected by the same mechanism as in the 
case of young leaves, namely, unequal growth on the 
opposite sides (as first proved by Pfeffer), yet they differ 
essentially in being excited chiefly by changes of 
tomperaturo instead of light; and in being effected, as 
far as we can judge, for a different purpose. Hardly 
any one supposes that there is any real analogy 
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between the sleep of animals and that of planta,* 
whether of leaves or flowers. It seems, therefore, 
advisable to give « distinct name to the so-called 
sleep-movements of plants. ‘hese have also generally 
been confounded, under the term “ periodio,” with the 
slight daily riso and fall of leaves, ag described in the 
fourth chapter; and this makes it all the more desir 
able to give some distinct name to sleep-movements, 
Nyctitropism and nyctitropic, i.e, night-turning, may 
be applied both to leaves and flowers, and will be 
occasionally used by us; but it would be best to con- 
fine the term to Teaves. The leaves of some few plants 
move either upwards or downwards when the sun shines 
intensely on them, and this movement has sometimes 
been called diurnal sleep; but we believe it to be of 
an essentially different nature from the nocturnal 
movement, und it will be briefly considered in a 
future chapter. 

The sleep or nyctitropism of leaves is a large 
subject, and we think that the most convenient plan 
will be first to give « brief account of the position 
which Jeaves assume at night, and of the advantages 
apparently thus gained. Afterwards the more re- 
markable cases will be described in detail, with 
respect to cotyledons in the present chapter, and to 
Jeaves in the next chapter. Finally, it will be shown 
that these movements result from circumnutation, 
much modified and regulated by the alternations of 
day and night, or light and darkness; but that they 
are also to a certain extent inherited. 

Leaves, when they go to sleep, move either upwards 
or downwards, or in the case of the lewflets of come 
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pound leaves, forwards, that is, towards the apex of the 
Jeaf, or backwards, that is, towards its base; or, again, 
they may rotate on their own axes without moving 
either upwards or downwards, Bat in almost every 
case the plane of the blade ix so placed as to stand 
nearly or quite vertically at night, ‘Therefore the apex, 
or the base, or either lateral edge, may be directed. 
towanls the zenith. Moreover, the upper surface of 
each leaf, and more especially of each leaflet, is often. 
brought into close contact with that of the opposite 
one; and this is sometimes effected by si 


aller tuming up at night so as to stand vertically, 
often continues to bend over until the upper surface is 
directed downwards whilst the lower surface is fully 


upper surfaces pressed closely together. Here we have 
the unusual case of one of the leaficts not standing 
vertically, or almost vertically, at night, 
Considering that leaves in aesuming their nyoti- 
tropic positions often move through an angle of 
90°; that the movement is rapid in the evening; 
thet in some ‘cases, as we shall see in’ tho: next 
chapter, it is extraordinarily complicated; that with 
certain seedlings, old enough to bear truo leaves, 
the cotyledons move vortically upwards at night, 
whilst at the same time the leaflets move ver+ 
tically downwards; and that in the same genus 
the leaves or cotyledons of some species 
upwards, whilst these of other species 
wards ;—from pe gent se 
possible to doubt that plants must derive 
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great advantage from such remarkable powers of 
movemont, 

‘The nyctitropic movements of leaves and cotyledons 
are ¢ffected in two ways,” firstly, by means of pulyini 
which become, as Pfeffer has shown, alternately more 
turgescent on opposite sides; and secondly, by in- 
ereased growth along one side of the petiole or 
midrib, and then on the opposite side, as was first 

by Batalin.t But as it has been shown by 
De Vries t thet in these latter cases increased growth 
is preceded by the increased turgescence of the cella, 
the difference between the above two means of moye- 
ment is much diminished, and consists chiefly in the 
turgescence of the cells of a fully developed pulvinus, 
not being followed by growth. When the move- 
ments of leaves or cotyledons, furnished with a pul- 
‘vinus and destitute of one, are compared, they are seen 
to bo closely similar, end are apparently effected for 
the same purpose. Therefore, with our object in view, 
it does not appear advisable to separate the above two 
sets of cases into two distinct classes, There is, how- 
‘ever, one important distinction between them, namely, 
that movoments effected by growth on, the alternate 
sides, are confined to young gro’ leaves, whilst those 
effected by means of a pulvinus last for a long time, 
We have already seen well-marked instances of this 
latter fact with cotyledons, and go it is with leaves, as 
has been observed by Pfoffor and by oumelves. ‘The 
Jong endurance of the nyetitropic movements when 
effected by the aid of pulvini indicates, in addition to 
the evidence Sea eteaccet iat advanced, the functional import- 
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ance of such movements to the plant. There is another 
difference between the two sets of cases, namely, that 
there is never, or very rarely, any torsion of the 
leaves, excepting when a pulyinus is present ;* but 
this statement applies only to periodic and nyetitropie 
movements, as may be inferred from other cases given 
by Frank.t 

The fact that the leaves of many plants place 
themselves at night in widely different positions from 
what they hold during the day, but with the ono 
point in common, that their upper surfaces avoid 
facing the zenith, often with the additional fact that 
they come into close contact with opposite leaves or 
leaflets, clearly indicates, as it seems to us, that the 
object gained is the protection of the upper sur- 
faces from being chilled at night by radiation. There 
is nothing improbable in the upper surface needing 
protection more than the lower, as the two differ in 
function and structure. All gardeners know that 
plants suffer from radiation. It is this and not 
cold winds which the peasants of Southern Europe 
fear for their olives Seedlings are often protected 
from radiation by a very thin covering of straw; and 
fruit-trees on walls by a few fir-branches, or even by a 
fishing-not, susponded over them. Thore is a variety 
of the gooseborry,§ the flowers of which from being 
produced before the leaves, are not protected) by 
them from radiation, and consequently often fail to 
yield fruit. An excellent observor | has remarked 
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that one variety of the cherry has the petals of its 
flowers much curled backwards, and after a severo 
frost all the stigmas were killed; whilst at the samo 
time, in another variety with incurved petals, the 
stigmas were not in the least injured, 

‘his view that the sleep of leaves saves them from 
being chilled at night by radiation, would no doubt 
have occurred to Linnaeus, had the principle of radia+ 
tion been then discovered; for he suggests in many 
parts of his ‘Somnus Plantarum’ that the position of 
the leaves at night protects the young stems and 
buda, and often the young inflorescence, against cold 
winds, We are far from doubting that an additional 
advantage may be thus gained; and we have observed 
with several plants, for instance, Desmodium gyrans, 
that whilst the blade of the leaf sinks vertically down at 
night, the petiole rises, a0. that the blade has to move 
through a greater angle in order to assume ita vertical 
position than would otherwise have been necessary; but 
with the result that all the leaves on the same plant 
are crowded together as if for mutual protection, 

We doubted at first whether radiation would affect 
in any important manner objects so thin as are many 
cotyledons and leaves, and more especially affect dit- 
ferently their upper and lower surfaces; for although 
the temperature of their upper surfaces would un- 
doubtedly fall when freely exposed to a clear sky, yet 
we thought that they would so quickly acquire by 
conduction the temperature of the surrounding air, 
that it could hardly make any sensible difference 
to them, whether they stood horizontally and radiated, 
into the open sky, or vertically and radiated chiefly 
in a lateral direction towards neighbouring plants and 
other objects. We endeavoured, therefore, to ascere 
tain something on this head by preventing the leaves 
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of several plants from going to sleep, and by exposing: 
toa clear sky when the temperature was beneuth 
the freezing-point, these, as well as the other leaves 
on the same plants whieh liad already assumed their 
nocturnal vertical position. Our experiments show 
that leaves thus compelled to remain horizontal at 
night, euffered much more injury from frost than 
those which were allowed to assume their normal 
vertical position. Tt may, however, be said that 
conclusions drawn from such observations are not 
applicable to sleeping plants, the inhabitants of 
countries where frosts do not occur, But m every 
country, and at all seasons, leaves must be exposed to 
nocturnal chills through radiation, which might be in 
some degree injurious to them, and which they would 
escape by assuming vertical position. 

In our experiments, loaves were prevented from 
assuming their nyctitropic position, generally by 
being fastened with the finest entomological ping 
(which did not sensibly injure them) to thin sheets 
of cork supported on sticks, But in some instances 
they were fastened down by narrow strips of card, 
and in others by their petioles being passed through 
slits in the cork. The leaves were at first fastened 
close fo the cork, for as this is a bad conductor, and as 
the leaves were not exposed for long periods, we thought 
that the cork, which had been kept in the house, would 
very slightly warm them ; #o that if they were injured 
hy the frost’ in a greater degree than the free vertical 
leaves, the evidence would be so much the stronger 
that the horizontal position was injurious But we 
found that when thore was any slight difference in the 
result, which could be dotectod only occasionally, the 
leaves which hud been fastened closely down suffered 
rathor more than these fastened with very long and 
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thin pins, so as to stand from § to } inch above the 
cork, ‘Chis difference in the result, which is in itself 
curious as showing what a very slight difference in 
the conditions influences the amount of injury in- 
flicted, may be attributed, as we believe, to the sur- 
rounding warmer air not circulating freely beneath the 
closely pinned leaves and thus slightly warming them, 
‘This conclusion is supported by some analogous facts 
hereafter to be given. 

We will now describe in detail the experiments 
which were tried. These were troublesome from our 
not being able to predict how much cold the leaves of 
the several species could endure. Many planta had 
evory leaf killed, both those which were secured in 
« horizontal position and those which were allowed to 
sleep—thut is, to rise up or sink down vertically. 
Others again had not a single leaf in the least in- 
jured, and these had to be re-exposed cither for a 
longer time or to a lower temperature, 


Owalis aocteseila.—A very large pot, thickly covered with 
‘detwoon 400 and 400 leaves, had beon kept all winter in the 
greenhouse, Seven leaves were pinned horizantally open, 
‘and were exposed on March 16th for 2h. to a cloar sky, tho 
temperature on the surrounding grass being — 4° C. (24° to 
6° F.). Next morning ull seven leaves were found quite 
killod, so wore many of the froo onos which had proviously 
gone to sleep, and about 100 of thom, either dead or browned 
and injured, were picked off, Some leaves showed that they. 
had boon slightly injured by not expanding during the whole 
‘of the next day, though they afterwards recovered. As all the 
leaves which wore pinned open were. killed, and only about a 
‘third or fourth of the others were ¢ither killed or injumd, we 
had same little evidence that those which were prevented from 
assnming their vertically dependent position suffered most, 

‘Who following night (17th) was clear and almost equally cold 
(— 8° to — 4° C. on the grass), and tho pot was again exposed, 
but this time for only 80m. Tight leaves had been pinned out, 
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and in the murning two of thom were doad, whilst not a xingle 
othor leaf on the many plants woe oven injured, 
the 28rd the pot was exposed for Lh, 80 m., the tempera- 


high, instead of heing placed on the grasa; it recorded 
‘26°F, (— BB to — B8* C.), but when lookod at affor 1 bh. had 
fallon to 22° F. (= 66° C.); s0 that the pot wus perhaps exposed 


€8 per cent.) were found killed, By counting n portion of the 
Toaves wo cstimated that about 250 had been allowed to go to 
sleep, and of these about 20 were killed (j.0, only 8 per cent), 
end about 80 injured. 

Considering these canes, thore con bo no doubt that the 
loaves of this Oxalis, when allowed to assume their normal 
vertically dopendont position at night, suffer much less from 
frost than thoee (23 in number) which had their upper surfaces 
exposod to the zenith. 

Oralix earnosa.—A plant of this Chilian spocies wns exposed 


Tt may be added that two pots of 0, corniculais (var, Atro~ 
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purpurea) were exposed for 2h. and 3h, toa cloar sky with the 
temp. on grass — 2° ©., and none of the leaves, whether free or 
pinned open, were at all injured. 

Arvchis hypoqea.—Some plants in a pob were exposed at night 
for 30m, to a clear sky, the temperatare on the surrounding 
nus being ~ 2° C,, and on two nights afterwards they wereagain 
exposed to the same temperature, but this time during Lh. 30m, 
On neither occasion was a single leaf, whether pinned open or 
froo, injured ; and this surpriced us much, considering its native 
tropical African home. Two plants were next exposed (March 
16ti) for 30 m. to a clowr sky, the temperature of the surrounding, 
grase being now lower, vi, between — 9° and = 4°, and all 
four pinned-open leaves wore killed and blackened. These two 
plants bore 22 other and free leaves (excluding some very young 
‘bud-like ones) and only two of these were killed and three eome- 
what injured ; that is, 28 por cont. were either killed or injured, 
wheroas all four pinned open Ienves were utterly killed. 

On another night two pote with several plants were exposed 
for between 35m. and 40m, to a clear sky, and perhaps to a 
rather lower temperature, for # thermometer on n dial, 3 
high, close by stood at — 3°38" to- 88" C. In one pot thre 
leaves were pinned open, and atl were badly injured; of the 
44 free leaves, 26 were injured, that ix, 59 per cent. In the 
othor pot 3 loaves were pinned open and all were killed; four 
other leaves were provented from sleeping by narrow atrips of 
stiff paper gammed across them, nnd all were killed; of 24 treo 
Jeavoe, 10 wore killed, 2 much injured, and 12 unburt; that is, 
50 per cent. of the free leaves wore either killed or much in~ 
Jjured, ‘Taking the two pots together, we may say that rather 
more than half of the froe leaves, which were asleep, were cither 
killed or injured, whilst all the ten horizontally extended leaves, 
which had been prevented from going to sleep, were either killed 
or much injured. 

Cassia florituada—A Wush was exposed at night for 40m, to 
& clear sky, the temperature on the sarrounding grass being 
= 2° C,, and not a loaf was injurad* It was again exposed om 
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wufana species) for 
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another night for 1h., when the temperature of the grass was 
~ 4°.C,; and now all the lenves on a large bush, whether pinned: 
flat open or fro, were Killed, blackened, and shrivelled, with 
‘the exception of those on one small branch, low down, which 
was Very slightly protected by the leaves on the branches 
above, Another tall bush, with four of ite largo compound 
leave pinned out horizontally, was afterwards exposed (tempi. 
of surrounding grass exactly the same, viz.,— 4° C.), but only 


surfaces completely blackened. Of the many free leaves on the: 


pinned ones) had both surfaces of the leaflets blackened, The 
contrast in thik latter respoot wns woll chown by a fros leaf, whicls 
stood between two pinned-open ones; for these latter had the 
lower surfaces of their leaflets as black ax ink, whilst the imtere 
mediate free leaf, though badly injured, still retained a plain 
Ainge of green on the lower surface of the leaflets, This busty 
exhibited in a striking manor the evil effects of the lenves not 
boing allowed to agsuine at night their normal dependent post 
tion; for had they all been prevented from doing so, essuredly 
avery single leaf on the bush would have been utterly Killed by 


surface which was mory blackened than the lower, whenever 
any differance could be perceived between them; but whether this 
was due to tho cells near the upper surface being more tender, 
or werely to their containing more chlorophyll, we do not know, 
Meliiutus officinalis. largo pot with many planta, which: 
had beon kept during the winter in the greenhouse, was exposed 
during Gb. at night to a slight frost and clear sky. 
leaves had heen Tose oot, and shee ae ee 
but eo did many of tho fro leaves, ‘Thorefore nothing certain 
cold bo jnferred from this trial, though it indicated that tho 
Jocectlly ccomnked ema.mtined mex Another large pot 
‘many plants wns nest exposed for 1 b., the temperature on 
Be monoetiag pas tee lower, viz, ~ 3° to~ 4° CO. Ton 
Jeaves had teen pinned out, and the resuit was striking, for 
on tho following morning all these were found much injured oF 


a 
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killed, and none of the many free leaves on the several plants 
were at ail injured, with the doubtful exception of two or 
three vory young ones, 

Meiilotus Italien.—Six leaves wore pinned ont horizontally, 
thro with their upper and throo with thoir lower surfaces turned 
to the zenith, ‘The plants wore exposed for 5h. to a clear aky, 
the temperature on ground being about ~ 1°0. Next morning: 
tho xix pinned-open leaves seemed moro injured oven than tho 
younger and more tender free ones on the samo branches. The 
exposure, however, had been too long, for afler an interval of 
ome days many of the free leaves seemed in almost ae bad a 
condition na tho pinned-out ones. It was not posaiblo to decide 
whether the leaves with their upper or those with their lower 
surfaces turned to the zenith had suffered most. 

Molilotus raveolena—Some plants with $ loavos pinned out 
‘were exposed to a clear sky during 2h., the temperature on the 
surrounding grass being ~ 2° C. Next morning 6 out of these 
§ leavos wore in a flaccid condition, Thoro wore about 150 freo 
leaves on the plant, and none of these were injured, except 2 or 
‘very young ope But after two days, the plants having been 
brought back into the greenhouse, the 6 pinned-out leaves all 
recovered. 

Melilotus Tonr ica,—Soveral plants wero exposed for & h. during 
two nights too clear sky and elight frost, accompanied by ome 
wind; and 5 loaves which had been pinned out suffered more 
‘than those both above and below on tho same branches which 
had gone to eleop. Another pot, which had likewise been kept 
in the greenhouse, was exposed for 85-40 m. to a clear sky, 
tho temperature of the surrounding grass being between — 3° and 
—4° ©, Nine loavoa had been pinned out, and all of those were 
Killed. On the samo plants there were 210 froo leaves, which 
had been allowed to go to sleep, and of these about 80 were 
killed, i.e. only 38 por cont. 

Melilotus Petitpicrreana,—The plants were exposed to a. cleur 
ky for 35-40 m.: temperature on surrounding grass — 8° to 
~4°C. Bix leaves had been pinned out 80 aa to stand abont 
4 inch above the cork, and four had been pinned close to it, 
‘These 10 leavos wore all killed, but the closaly pinned ones 
suffered most, a4 4 of the 6 which stood above the cork still 
rotained swall patches of a green colour, A considerable 
number, but not neatly all, of the free leaves, wero killod or 
much injured, whereas all the pinned out ones wore killed, 

v2 
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Melifotus nacrorriiza—The plants were exposed in the same 
manner ae in tho Inst case. Six lenves had been pinned ont 
horizontally, and five of them wore killed, that is, 83 per cont. 
‘We estimated that there were 200 free leaves on the plants, and 
of these about 50 were killed and 20 badly injured, so that about 
85 por cont, of the froo loaves wore killod or injured. 

‘Lotus oriviata,—Six- plants were exposed for nearly 6h. to 9 
clear sky; temperature on surrounding grass — 15° 0, Four 
leaves hod been pinned out horizontally, and 2 of these suffered 
‘nore than those above or below on the same branches, which 
ad tean allowed to go to sleep. Tt is rather a remarkable fact 
‘that some planta of Lotue Jacodoous, an inhabitant of eo hot a 
country ns the Cape Verde Islands, were exposed one night tom 
clear sky, with the temperature of (he eurrounding gras — 2° CL, 
and on a second night for 30 m. with the temperature of 
the grass botwoon — 3° and — 4° O,, and not a single leaf, either 
‘the pinned-ont or tree ones, waa in the least injured, 

Mareilea quadrifoliata—A' large plant of thik specica—the 
‘only Cryptogunic plant known to sleep—with some leaves pinned 
open, waa exposed for 1h. 85m, toa clear sky, the temperature: 
‘on the surrounding ground being — 2° C., and not a single Ieat 
was injured. After au interval of some days the plant was again 
exposed for Ih. to a clear sky, with the temperature on the 
surrounding ground lower, viz,—4°C, Six leaves had been 
pinnel out horizontally, and all of them were utterly killed. 
‘The plant had emitted long trailing stems, and these had’ boon 
‘wrapped round with a blankct, eo as to protect them from the 
frozen ground and from xadiation; but very large number 
‘of leaves wore lott freely exposed, which bad gane to sleep, 
and of these only 12 were killed, After another interval, the 
plant, with 9 leaves pinned out, was again oxposed for 1 In, the 
temperature on the ground being again ~ 4° C. Sex of the leaves 
swore killed, and one which did not at first appear injured after- 
‘wards became streaked with brown. ‘The trailing branches, which 
Tested on the frazen ground, had one-half or three-quartersof their 
ep er pan saa ene alba | 
alone could be fairly compared with the pinned-out ones, nono 
Peon pen fe isin lpn ghie pn 
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sanlinl close by), and 8 of there lonves were killed, Of the free 
Teaves: (those on the trailing branchos not boing considlored), a 
good many were killed, but their number, compared with the 
‘uninjured ones, was small. Finally, taking the three triala 
together, 24 leaves, extondod horizontally, were exposed to the 
zenith and to unobstructed radiation, and of these 20 were 
killed and 1 injured ; whilst a relatively very small 

of tho Joaves, which had boon allowod to go to eleap with their 
leaflets vertically dependent, were killed or injured. 

‘The cotyledons of several plants were prepared for tril, but 
tho woather was mild and wo suecooded only in a single instance 
in having seedlings of the proper age oo nights which were 
clear and cold. ‘The cotyledons of 6 seedlings of Mimosa puion 
were fastened open on cork, and wore thus exposed for Lh, 46m, 
toa clear sky, with the temperature on the surrounding ground 
at 29° F.; of these, 8 were killed. Two other seedlings, after 
their cotyledons had risen up and hud closed together, were 
‘bent over and fastened so that they stood horizontally, with the 
lower anrface of ana catyledon fully exposed to tha zenith, and 
both ware killed, ‘Therefore of the 8 xeedlings thus tried 5, or 
more than half, were killed. Seven other seedlings, with their 
cotyledons in their normal noeturnal position, viz., vertical and 
‘closod, were oxposed at the aame time, and of these only 2 were 
killod.* Hence it appears, as far as those Cow trials tell anything, 
‘that the vertical position at night of the cotyledons of Mimosa 
pudica protects them to « certain degree from the evil effects af 
radiation and cold, 


Concluding Remarks on the Radiation from Leaves 
at Night—We exposed on two occasions during the 
summer to a clear sky several pinned-open leaflets 
of Trifolium pratense, which naturally rise at night, 
and of Ozalis purpurea, which natarally sink at night 
(the planta growing out of doors), and looked at 


* We were surprised that — Tt may be added that woodlings of 
young seedlings of ao tropical a the Indian Cusata. ‘werd 
wercable exposed for 1b, 80 m. to a clear 

to rowist, an well ne thoy did, ¢x- sky, with the tomp. on the ur 
0 weloar rounding ground at 2° C., and 
sky, the tempernture on the sur- — they were not in the least injured. 
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them early on several successive momings, after they 
had assumed their diurnal positions, The difference 
in the amount of dew on the pinned-open leaflets 
and on those which had gone to sleep was generally 
conspicuous; the latter being sometimes absolutely 
dry, whilst the leatlete which had been horizontal 
were coated with large beads of dew. ‘This shows how 
inuch cooler the leaflets fully exposed to the zenith 
must have become, than those which stood almost 
vertically, either upwards or downwards, during the 
night. 

From the several eases above given, there can be no 
doubt that the position of the leaves at night affects 
their temperature through radiation to such a degree, 
that when exposed to. clear sky during a frost, it ia.a 
question of life and death. Wo may therefore admit 
as highly probable, seeing that their nocturnal poxi- 
tion is so well adapted to lessen radiation, that the 
object gained by their often complicated sleep moye- 
ments, is to lessen the degree to which they are 
chilled at night. It should be kept in mind that 
it is especially the upper surface which is thus pro 
tected, as it is never directed towards the zenith, and 
is often brought into close contact with the upper 
surface of an opposite leaf or leaflet, 

We failed to obtain sufficient evidence, whether 
the better protection of the upper surface has been 
gained from its being more easily injured than the 
lower surface, or from its injury being a groter evil 
to the plant. ‘That there is some difference in consti- 
tution between the two surfices ix shown by the follow- 
ing cases, Cassia floribunda was exposed to a clear 
as sharp frosty night, and several leaflets which 
had assumed their nocturnal dependent position with 
their lower surfaces turned outwards so as to bo 


Gur VE USE OF SLEEP MOVEMENTS, 295 


exposed obliquely to the zenith, nevertheless had these 
Jower surfaces less blackened than the upper surfaces 
which were turned inwards and were in close contact 
with those of the opposite lewflets. Again, a pot 
fall of plants of Zrifolium resupinatum, which had 
been kept in a warm room for three days, was turned 
out of doors (Sept. 21st) on a clear and almost frosty 
night. Next moming ten of the terminal leaflets were 
examined as opaque objects under the microscope. 
‘These leaflets, in going to sleep, either tum vertically 
upwards, or more commonly bend a little over the 
lateral leaflets, so that their lower surfaces are more 
exposed to the zenith than their upper surfaces. 
Nevertheless, six of these ten leaflets were distinetly 
yellower on the upper than on the lower and more 
exposed surface, In the remaining four, the result 
wax not so pluin, but certainly whatever difference 
there was leaned to the side of the upper surface 
haying suffered most. 

It has boon stated that some of the leaflets expori- 
mented on were fastened close to the cork, and others 
at a height of from § to of an inch above it; and 
that whenever, after exposure to a frost, any difference 
could be detected in their states, the closely pinned 
ones had suffered most. We attributed this difference 
to the air, not cooled by radiation, having been pre- 
vented from circulating freely beneath the closely 
pinned leaflets. That there was really # difference in 
the temperature of leaves treated in these two dif- 
feront methods, was plainly shown on one occasion ; 
for after the exposure of a pot with plants of Melilotus 
dentala for 2). to a clear sky (the temperature on the 
surrounding grass being — 2° 0.), it was manifest that 
more dew had congealed into hoar-frost on the closely 
pinnod leaflets, than on those which stood horizontally 


206 MODIFIED CIRCUMNUTATION. Cuan. VE, 


a little above the cork. Again, the tips of some few 
leaflets, which had been pinned close to the cork, pro- 
jected a little beyond the edge, so that the air could 
circulate freely round them. This occurred with six 
leaflets of Ozalis acetosella, and their tips certainly 
suffered rather less than the rest of the same leaflets; 
for on the following morning they were still slightly 
green, The same result followed, even still more 
clearly, in two cases with leaflets of Melilotus officinalis 
which projectod a little beyond the cork; and in two 
other cases some leaflets which were pinned close to 
the cork were injured, whilst other free leaflets on 
the same leaves, which had not space to rotate and 
assume their proper vertical position, were not at all 
i R 

Another analogons fact deserves notice: we observed 
on several occasions that a greater number of free 
leaves were injured on the branches which had been 
kept motionless by some of their leaves having been 
pinned to the corks, than on the other branches. This 
was conspicuously the case with those of Melilotus 
Petitpierreana, but the injured loaves in this instance 
were not actually counted. With Arachis hypogwa, a 
young plant with 7 stems bore 22 free leaves, and of 
these 6 were injured by the frost, all of which were on 
two stems, bearing four leaves pinned to the cork+ 
supports, With Qralis carnosa, 7 free leaves were 
injured, and every one of thom belonged to a cluster 
of leaves, some of which had been pinned to the cork, 
We could account for these cases only by supposing 
that the branches which were quite free had been 
slightly waved about by the wind, and that their 
loaves bad thus been a little warmed by the sur- 
rounding warmer air. If we hold our hands motion- 
less before a hot fire, and then wave them about, wo 
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immediately feel relief; and this is evidently an 
analogous, though reversed, ease. These several facts: 
—in relation to leaves pinned close to or a little above 
the cork-supports—to their tips projecting beyond it— 
and to the leaves on branches kept motionless—seem 
to us curious, as showing how a difference, apparently 
trifling, may determine the greater or less injury of 
the leaves. We may even infer as probable that the 
Joss or greater destruction during a frost of the leaves 
on a plant which does not sleep, may often depend on 
the greater or leas degree of flexibility of their petioles 
and of the branches which bear them. 


Nyoerrrnorie on SLEEP Movements or Corytepons. 


We now come to the descriptive part of onr work, 
and will begin with cotyledons, passing on to loaves 
in the next chapter. We have met with only two 
brief notices of cotyledons sleeping. Hofmeister,” 
after stating that the cotyledons of all the observed 
seedlings of the Caryophyllem (Alsinom and Silenom) 
bend upwards at night (but to what angle he does not 
state), remarks that those of Stdlaria media rise up so 
as to touch one another; they may therefore safely be 
said to slecp, Secondly, according to Ramey,t the 
cotyledons of Mimosa pudica and of Clianthus Dam- 
pieri rise wp almost vertically at night and approach 
each other closely, It has been shown in a previous 
chapter that the cotyledons of a large number of 
plants bend a little upwards at night, and we here 
haye to meet the difficult question at what inclination 
may they be said to sleep? According to the view 
which we maintain, no movement deserves to be called 


$ {Die Lohre yon dor PAhnaunseley 1807p. 327. 
4 “Adansonia, March 10th, 1869, 
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nyctitropic, unless it has been acquired for the suke of 
lessening radiation; but this could be discovered only 
by a long series of experiments, showing that the 
leaves of each species suffered from this cause, if pre- 
vented from sleeping. We must therefore take an 
arbitrary limit. If a cotyledon or leaf is inclined at 
60° above or beneath the horizon, it exposes to the 
zenith about one-half of its area; consequently the 
intensity of its radiation will be lessened by about 
half, compared with what it would have been if the 
cotyledon or leaf had remained horizontal, This 
degree of diminution certainly would make a great 
difference to a plant having a tender constitution. 
We will therefore speak of a cotyledon and hereafter 
of a leaf as sleeping, only when it rises at night to 
an angle of about 60°, or to a still higher angle, above 
the horivon, or sinks beneath it to the same amount, 
Not but that a lesser diminution of radiation may be 
advantageous to a plant, as in the case of Datura 
stramonivm, the cotyledons of which rose from 31° at 
noon to 55° at night above the horizon. The Swedish 
turnip may profit by the area of its leaves bemg 
reduced at night by about 30 per cent., as estimated 
by Mr. A. S. Wilson; though in this case the ee 
through whieh the leaves rose was not observed. 
the other band, when the angular rise of cotyledons or 
of leaves is small, such as less than 30°, the diminution 
of radiation is so slight that it probably is of no sig- 
nificance to the plant in relation to mdiation. For 
instance, the cotyledons of Geranium Tberioum rose at 
night to 27° above the horizon, and this would lessen 
radiation by only 11 per cent.: those of Linwa Beren- 
dieré roms to 33°, and this would leasen radiation by 
16 per cent. 

There are, however, some other sources of doubt with 
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respect to the sleep of cotyledons. In certain cases, 
the cotyledons whilst young diverge during the day to 
only a very moderate extent, so that a small rise at 
night, which we know occurs with the cotyledons of 
many plants, would necessarily cause them to assume 
4 vertical or nearly vertical position at night; and in 
this case it would be rash to infer that the movement 
was effected for any special purpose, On this account 
we hesitated long whether we should introduce several 
Cueurbitaceous plants into the following list; but from 
reasons, presently to be given, we thought that they 
had better be at least temporurily included. This 
same source of doubt applies in some fow other cases; 
for at the commencement of our observations we did 
not always attend sufficiently to whether the eotyle- 
dons stood nearly horizontally in the middle of the day. 
With several seedlings, the cotyledons xssume a highly 
inclined position at night during so short a period of 
their life, that a doubt naturally arises whether this 
can be of any service to the plant. Nevertheless, in 
most of the cases given in the following list, the eoty- 
Jedons may be as certainly said to sleep as may the 
leaves of any plant, In two cases, namely, with the 
cabbage and radish, the cotyledons of which rise almost 
vertically during the few first nights of their life, it 
was ascertained by placing young seedlings in the 
klinostat, that the upward movement was not due to 
apogeotropism. 

‘The names of the planta, the cotyledons of which 
stand at night at an angle of at least 60° with the 
horizon, are arranged in the appended list on the same 
system as previously followed. The numbers of the 
Families, and with the Leguminosw the numbers of 
the Tribes, have been added to show how widely 
the plants in question are distributed throughout tho 


800 


dicotyledonons series, A few remarks will have to 
be made about many of the plants in the list. In 
doing so, it will be convenient not to follow strictly 
any systematic order, but to treat of the Oxalide 
and the Leguminose at the close; for in these 
two Families the cotyledons aro generally provided 
with a pulyinus, and their movements endure for a 
mech longer time than those of the other plants in 
the list. 
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List of Seedling Plante, the cotyledons of which rise or rink at 
night to an angle of ut least 60° above or beneuth the horixome 


Bramics oleracea. Crociform (Pam. 
aoe 


sminows (Tribe 18)—aecor= 
frie MRL yaks 

Cassin mimosoldes, Laguminone 
(rile 14. 


sega we av Inbred 


meee sailrsa Grocfore, 

Gt on Pa ‘Carpophyllow 

rAlava media (socrding to Hof 
meister, as quoted), Caryophyl- 


Avoda Wrightii. Malvacea (Fan. 
+ Naki itton 
orrptom (ear i9 cotton). 





— neglecta, 
3 other " Benzilion unnamed 


nathinia, o> Loguminosm 





Oxalis rosea, Goalie (Pom, 41). wevuinia cleracen.  Tagumninose 
— Horiirunta, (Tribe 26), 

— articninta, Mimosa — pudien. —Legumninesu 
ida. 





‘Trifoliom subterranomin. — Legu- 
‘minoase (Fam. 7, Tribe 1). 
stricta, 


Lagenarin vulgaris. Cucurbitncee. 

Cucumis ducaism. Cucurbitacea, 

Apinm petroselizum. Ubelliferm 
‘Fam. 113). 














graveolone. 
Lactuea soariola. Composit (Fam, 
122) 


Clinuthius Damages. Lee 
tom | "ervite Sy acorting to. 


Bealthia” senitivn. Legaminoss 
ite 
Homatosylon Campechianarn. Lee 


| i 
| Heliaaths annuus @). Composite. 


Jpomaa cxrulea.  Convolvulaceyy 
(Pam. 151). 
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List of Sexdiing Plante (continued), 
Solanum Han wd Solana ) Mirabilis ton 


feta vu Yo 
Minus, Gp. Saphularnce | 119} le len 
(ou 159) — from information | Amarauthus caudatus. Amarane 


Prof. Pfelfar, ha = 18 
atti pay “Wystagioom case Seine oO Canaabinos 
= am, 172), (Fam. 199). 


Brassicw oleruces (Oraciferse).—It was shown in the first chapter 
that tho cotyledons of the common cabbage rise in the evening 
and etand vertically up at night with their petioles in contact, 
But us the two cotyledons are of unequal height, they frequently 
interfere a little with each other's movements, the shorter one 
‘often not standing quite vortically. ‘Thoy awake carly in tho 
morning; thus at 646 aor on Nov, 27th, whilst it was still 
dark, the cotyledons, whieh had been vertical and in contact on 
tho provious ovening, were reflexod, and thus provented a very 
neg epee Te should be borne in mind that seallings 

in germinating at the proper saason, would not be subjected to 
darkness at this hour in the morning, The above amount of 
movement of the cotyledons is only temporary, lasting with plants 
kept in a warm groonhonss from four to six days: how long it 
would Inst with seedlings growing out of doors wo do not know. 

Raphanus sativus—In the middle of the day the blades of 
the cotyledons of 10 seedlings stood at right angles to their 
hypocotyls, with thair potioles a little divergent; at night the 
‘Wades stood vertically, with their bases in contact und with 
their potioles parallel, Next morning, at GAS asf, whilst it 
was still dark, the bindes were horizontal. On the following 
night they were ranch raised, but hardly stood sufficiently vere 
‘tical to be enid to be asleep, and so It was fn 4 still less 
on thethird night. Therefore the cotyledons of this plant (kept 
in the greenhouse) go te sleep for even a shorter time than 
those of the cabbage. Similar observations wore mado, but only 
during « single day and night, on 19 othor eoodlings likewise 
raised in the greenhouse, with the sime result. 

‘Who potioles of the cotyledons of 11 young soodlings of 
Binopis nigra wore slightly divergent at noon, and thé blades 
stood at right angles to the hypocotyls; at night the petioles 
woro in close contact, and the blades considerably rajsod, 
with their banc in contact, but only a few stood sufficiently 
upright to be called asleep. On the following: 
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the petioles diverged before it was light, Tho hypocotyl is 
slightly sensitive, vo that if rabbed with a noodle it bends 
towards tho rubbed side, In the case of Lepidium nativum, the 
potioles of the cotyledons of young seedlings diverge during 
‘the day and converge so an to touch cach other during the 
night, by which means the buses of the tripartite blades are 
‘rought into contact; but the blades are so little mised that 
they cannot be mid to eleep, Tho cotyledons of soveral other 
craciferous plants were observed, but they did not rise sufficiently 
during the night to be said to sleep. 

Githago segelum (Caryophyllem)—On tho first day after the 
cotyledons had burat through the seed-coate, they stood at noon 
at an angle of 75° above the horizon; nt might they moved 
upwards, onch throngh an angle of 15° so as to stand quito 
‘Yertical and in contact with one another, On the second day 
they stood at noon at 69° above the horizon, and again at 
night were completely eloved, each having rison 81°, On the 
fourth day the cotyledons did not quite close at night, The 
first and snccoading paira of young true leaves behaved in 
emetly the samo manner, We think that the movement in thie 
caxo may be called nyctitropio, though the angle pasted through 
was amall. ‘The cotylodons aro very sonsitive to Hight and will 
not expand ff exposod to an extremely dim one. 

Anoda Wrightié (Malvacese).—The cotyledons whilst moderately 
young, and only from *2 to 3 inch in dinmeter, sink in the 
evening from their mid-day horizontal position to abowt 86° 
Deneth the horizon. But when the same seedlings were older 
and had produced small trae leaves, the almost orbioular 
cotyledons, now ‘6S inch in diamoter, moved vertically downwarda 
at night, ‘This fact made us suspect that their sinking might 
‘be due merely to their weight; but they were not in the least 
flaccid, and when lifted up sprang back through elasticity into 
their former dependent position. A pot with some old seedlings 
‘wae turned upside down in the afternoon, before the noc 
turnal fall had commoncod, and at night they assumed in op- 
position to their own weight (and to any geotropic action) an 
‘upwardly directed vortical position, When pote were thus 
reversed, after the evening fall had alrondy commonced, the 
sinking movment appeared to be somewhat disturbed ; but all 
thoir movumonts were occasionally variable without any apparent 
cause. ‘This latter fact, aa well ax that of the young cotyledons 
not «inking nearly 20 rouch as the older ones, deserves notice, 
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Although the movement: of the cotyledons endured for a tong: 
time, no pulvinus was oxtoriorly visible; but their growth 
continued for a long time, The cotyledons appear to be only 
slightly heliotropic, though the hypocotyl i strongly #0, 
Gossypium arborewm (2) (var. Nankin cotton) (Malvacem).—Tho 
regia area peace ee egret 
Anoda, On Juno 1th the cotyledons of two 
"65 inch in length (measured along the midrib) tnd etood hor 
vontally at noon; at 10 rm. they occupied the same position 
and had not fallen wt all. On June 28rd, the cotyledous of one 
Of these goodlings were 1-1 inch in length, and heen 
had fallen from a horizontal position to 62° beneath the horizon. 
The cotyledons of the other seedling were 1°3 inch in length, and 
a minuto true leaf had been formed; they had fallen at 10 rat, 
to 70° beneath the horizon, On June 25th, the trac loaf of this 
latter seedling was @ inch in length, and the cotyledons occu- 
pied neatly the samo position at night. By July 9th the ectyle- 
dons appeared very old and showed signe of withering; but they 
stood at noon almost horizontally, and at 10 v.a. hung down 
vertically. 

Gossypium hrrbvecumn.—Is is remarkable that the cotyledons of 
this species behave differently from those of the last. ‘They were 
observed during 6 weeks from their first development until 
they had grown to a very largo sizo (still appearing fresh and 
green), vis. 24 inches in breadth, At this age a true leat had 
‘been formed, which with its petiole was 2 inches long. During, 
the whole of these 6 weeks the cotyledons did not sink at night ; 
yot when old their weight was cousiderable and they were borne 
by mach olongnted petioles, Seedlings raised from some seed 
sent us from Naples, behaved in the samo manner; as did those 
of a kind cultivated in Alabama and of the Sca-isiand cotton. 
‘To what epecion these three Jatter forma belong we do not know, 
Wo could not make out in the caw of the Naples cotton, that 
the position of the cotyledons at night was influenced by the 
soil being moro or loss dry; caro boing taken that they were 
not rendered flaccid by being too dry. The weight of the large 
cotyledons of the Alubuins and Sen-island kinds cwused them to 
hang somewhat downwards, when the pots in which they grow 
sere left for a time upside down, It should, howover, be 
olwerved that these three kinds were raised in tho middle of 
the winter, which poehon prealy Donen the proper 
nyctitropic movements of loaves and cotyledons, 
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Cucurbiteicer.—Vho cotyledons of Cucurbita aurantia and ovt= 
fora, wna of Lagenoria vwiyarie, stand from the Ist to the 3rd day 
lof thelr life at about 60° above the harizon, and at night rise Wp 
80 a8 to boceme vertical and in close contact with one another, 
With Cucumis dudaim they stood at noon at 45° above the hori~ 
zon, and closed at night. ‘The tips of the cotyledons of all these 
‘pocies are, howover, roflexed, 20 that this part is fully exposed 
to the zenith at night; and this fact is opposed to the belief 
that the movement is of the Raime natury as that of 
plants. Aftor tho fimt two or throo days tho cotyledons 
diverge more during the day and cease to close at night: 
‘Those of Tirichoranthes angwina are somewhat thick and fleshy, 
and did not rice at night; and they could perhaps hardly be 

to do #0, On the other hand, those of dowthesteyon 
horride* present nothing in their appearance opposed to their 
moving at night in tho same manner as the preceding species ; 
yet they did not rise op in any plain manner, ‘This fact leads 
tw the belief that the noctumnal movements of the above-named 
species has been acquired for somo special purpaso, which may 
be to protect the young plumule from radiation, by the close 
contuot of the whole basal portion of the two cotyledons. 

Geranium rotundi/oliwm (Geraninesw).—A single sesdling came 
up accidentally in a pot, and its cotyledons were observed to 
bend perpendicularly downwards during several successive 
nights, having been horizontal at noon, It grow into fino 
plant but died before flowering: it was sent to Kew and pro 
nounced to be cortainty a Geranium, anc in all probability the 
abore-named species, ‘This caso is remarkable because the 
cotyledons of @. cinereum, Envtressii, Ibericum, Richardson’, and 
nibecubwons were observed during some woos in the winter, 
and thoy did not sink, whilst those of @, Jdcriewm rose 27° at 
night. 


‘Aptum petroselinum (Umabellifure).—A seedling tad tts ooty= 
ledons (Nov. 22nd) almost fully expanded during the day; by 
830 vt. they had risen considerably, and at 10.90 rac. were 
almost eloved, their tips being only -}y of an inch apart, Om 
the following morning (28nd) the tips were y4fy of an inch apart, 


Teaey ce cede ome: a 
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‘or moro than seven times ax much, On the next night the 
cotyledons occupied nonrly the same position as befors. On the 


60° above the horizon ; ‘and eo it was on the night of the 25th, 
But four days afterwards (on the 29th), when the seedlings 
‘wero o wosk old, the cotyledons had ceased to rise at night to 
any plain degroe. 

Apinm graveolens —'Tho cotyledons at noon were horizontal, 
and at 10 pat. stood at an angle of 6L° above the horizon, 

Loctuon scariola (Compositie).—The cotyledons whilst young 
stood sub-horizontally during the day, and at night rose so ax 
to be almost vertical, and some were quite vertical and closed ; 
but this movernant ceased when they had grown old and large, 
‘after an interval of 11 days. 

Helianthus annuus (Qonrposite).—This caso is rather doubtful; 
the cotyledons rise at night, and on one occasion they stood at 
‘73° above tho horizon, 60 that they might then be eaid to have 
‘been asleep, 

Ipoman exrutea vol. Pharbitis nit (Convolynlacem),—The eaty= 
Jedona behave in nearly the same manner 48 thove of the Anodta 
ond Nankin cotton, and like them grow to a large size. Whilst 

and small, so that their bludes wore from “5 to -6 of an 


jamends a lial Nght sieespan fo4 bgphtGt a aeane Male 
tropic, They are not provided with a pulyinus, but continue 
to grow fora long thine. 

Apomaa purpurea (vol Pharbitis hixpida)—The eotylodons 
behave in all respects like thone of J. caerulea, A ae 
cotyledons 75 inch in length (measured as before) 
inch in breadth, having a small true leat developed, was ps 
at 6.30 rt. on o klinostat in a darkened box, so that neithor 
weight nor geotropism could wet ou them. At 10 rat. one coty~ 
ledon stood at 77° and the other at $2° beneath the horizon. 
Before being placed in the klinostat they stood at 15° and 20° 

x 
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beneath the horizon. ‘The nocturnal position chiefly 
on the curvature of the potiole close to the blade, but the whole 
potiole becomes slightly curved downwards, It deserves notice 
that seedlings of this and the last-named species were raised at 
‘the end of Februnry and another lot in the middie of Mareh, 
and the cotyledona in neither case exhibited any nyetitropic 
movement, 

Tporawa Bona-nor—The cotyledons after » few days grow to 
an enormous nivo, thos on a young seedling being 3{ inchos 
in Wreadth. They were extended horizontally at noon, and at 
10 Pm. stood at 63° beneath the horizon. Five days afters 
words they were 4) inches in breadth, and at night ane stood at 
44° and the other 48° beneath the horizon. Thongh the blades 
are thin, yot from their great size and from the potioles boing 
Jong, ¥¢ imagined that their doproasion at night might be 
determined by their weight; but when the pot was laid hori= 
xontally, they became curved towards the hypocotyl, which 
inoverment could not have been in the least aided by their 
wolght, at the same time they were somewhat twisted upwards 
Mirough apogeotrapiam. Nevertholos, the weight of the eoty- 
ledlone is eo far influcntial, that whon on another night the pot 
wus turned upside down, they were unable to rise and thas to 
assume their proper noeturnal poaition, 

Ipoma cocsiner.—'The cotyledons whilst young do not sink 
at night, but when grown a little older, but still ouly “4 incl in 
Jength (mensmret ax bofore) and ‘82 in breadth, they became 
greatly depressed, In ono ease they were horizontal at noon, 
and at 10 x1. one of them stood at 64° aud the other at 47° 
beneath the horizon, Tho blades are thin, and the petioles, 
whick become much curved down at night, aro short, o> that 
here weight con hardly have produced any effect. With all the 
above species of Ipomera, when the two cotyledons on the game 
needling were unoqually depressed nt night, this seemed to 
depend on the porition which they had held during tho day 
‘with reforence to the Hight. 

Solanum lyteperwicum (Solanes).—'The eotylodons rise 40 
much at night as to come nearly in contact, "Those of & palfaa~ 
canthum wore horizontal at neon, and by 10 xt, had rien only 
97° BO; but on tho following tnorning before it was Hight they 
wtood mt 59° above the horizon, and in tho afternoon of the samo 
dy were agin horizontal. ‘Tho behaviour of the eotyledons of 
thin latter nposies sects, therefore, to be anomalous, 
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Mirabilis falapa and tongiflora (Nyctaginem).—The cotyledons, 
which are of unequal size, stand horizontally during the middle 
of the day, and at night rise up vertically and come into close 
contact with oneanother, But this movement with Af, fongiylore 
Jastod for only tho throo first nights, 

Bete vulgaris (Polygonew).—A large number of seedlings were 
observed on three occasions. During the day the cotyledons 
sometimes stood sub-horizontally, but moro commonly at an 
anglo of about 50° above the horizon, and for tho first two or 
three nights they rose up vertically so wx to be completely 
closed. During the succeeding one or two nights they rose 
only a little, and afterwards hardly at all, 

Amaranthus caudatus (Amaranthaces).—At noon the eaty= 
lodons of many seedlings, which had just germinated, stood at 
about 45° above the horizon, and at 10.15 pat. some were nearly 
and others quite closed. On the following morning they were 
again wall expanded or open, 

Gunnabis sation (Cannabinew).—We are very doubtful whether 
thir: plant ought to bo hore included, ‘The cotyledons of a largo 
numbor of aftar being well illuminated during the 
day, were curved downwards at night, so that the tips of some 
pointed directly to the ground, but the buanl part did not appear 
to be at all deproseod. On the following morning thoy wero 
again flat and horizontal, The cotyledons of many other seed- 
ings wore at the same time not in any way affected, Therefore 
‘this case socrna very different from that of ordinary eloep, and 
probably comes under the head of epinasty, as ie the esse with 
the Ieuves of this plant according to Kraus. ‘The cotyledons ary 
holictropic, and so ig the hypocotyl in a still stronger degroe, 


Groits.—We now come to cotyledons provided with « palvinus, 
all of which are remarkable from the continuance of the nocturnal 
tmorements during several days or oven weeks, and apparently 
after growth has ceased. ‘The cotyledons of (, rosea, floribunda 
and urticulate sink vertically down at night and clasp the upper 
purt of the hypocotyl. ‘Those of 0. Faldieiana and sensités, on 
tiuecontrary, rise vertically up, so that their upper surfices: come 
into closo contact; and after the young leaves are developed there 
‘aro clasped by the cotylodons, Asin the daytime they stand hori~ 
zontally, or are even a Little deflected beneath the horizon, they 
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been doscribed in the first chapter. ‘The experiment was a 
‘suiperfiuous one, but pots with seedlings of O. rosea and floribuncder 
wore turned upside down, n# soon ox the cotyledons began to 
show any signs of sleop, and this made no difference in their 
movements, 

Leguminore.—It may be econ in our list that the cotyledons 
of several species in nino genera, widely distributed through- 
‘out the Family, sleep at night; and this probably is the case 
with many others. Tho cotyledons of all these species are pro- 
vided with a pulvinus; and the movement in all is continued 
during many days or weeks. Tn Cassia the cotyledons of the 
ton species in the list riko up vertically at night and come 
into close contact with ono another, We observed that those 
of C. foriia opened in the morning rather later than those of 
€. glauca and pubescens, The movement is exactly the amo 
in C. mémosoiiice ns in the other species, though its mbscquently 
developed leaves sleep in n differant manner, Tho 
of an eleventh species, namely, C. nodom, are thick and fleshy, 
and do not rise up at night. The circumnutation of the coty+ 
ledons during the day of C. tora has been described in the firat 
chaptor, Although the cotyledons of Smithia sensitive rove from 
# horizontal position in the middle of the day toa vertical one 
at night, those of 8 Pfundié, which are thick and fleshy, did not 
sloop. Whon Mimosa pudiea and albida have been kopt at a 
sufficiently high temperature during the day, the cotyledons 
come into close contact at night ; otherwise they merely rise up 
almont vertically. The circumnutation of thoee of M, pudicw 
has beun described. The cotyledons of a Bauhinia from St. 
Catharina in Brazil stood during the day at an angle of about 
5° above tho horizon, and at night rose to 77°; but it is pro 
bable that they would have closed completely, if the seedlings 
had been kept in a warmer place. 

Lots —In threo species of Lotus the cotyledons wor observed 
tosleep. Those of 1, Jacoberus present the singular case of not 
rising at night in any conspicuous mana nial 
Saye of thats iy and ho patina fs not wel 
this period. Afterwards the Deeping cover NO 
played, though to a variatle degree, and is long continued, 
‘We shall hereafter meet with a nearly cate with the 
leaves of Sids rhombifidis, The cotyl of L. Gcbetié aro 
only alightly raised at night, and differ much in this respect 
frees the three species in our list, 
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Trifolium —Tho germination of 21 species was observed. Tn 
‘most of them the cotyledons rise hardly at all, or only slightly, 
at night; but thoso of 7. glomerutum, striatum and inearnaturs 
ros from 45° to 85° above the horizon, With 7. sublerranenrs, 
Usucanthemum and strictum, they stood up vertically; and with 
T. strictum the riking movement is accompanied, a6 we shall eee, 
by another movement, which makes us believe that the rising 


ik truly nyctitropic. "We did not carefully examine the coty- 
Tedons of all the species for a pulvinus, but thia organ waa 
distinctly present in those of 7. sublerrancum and strictum ; whilat 
‘there was no trace of a pulvinus in some species, for instance, iti 
1. rerupinatum, the cotyledons of which do not rise nt night. 
Trifolium subterrancum.—The blades of the cotyledons on the 
first day after germination (Nov. 21st) were not fally expanded, 
‘being inolined at about 35° above the horizon; at night they 
rose to about 75°. Two days afterwards the blades at nocn 
were horizontal, with the asses highly inclined upwards; 
and it is remarkable that the nocturnal movement is almost 
wholly confined to the blades, being effected by the pulvinus at 
their bases; whilst the petioler retain day and night nearly the 
samo inclination, On this night (Nov. 23rd), and for eome few 
succeeding nights, the blades rom from a horizontal into # 
‘vertical position, and then became bowed inwards at about an 
average angle of 10°; #0 that they had passed through an angle 
of 100°, ‘Their tips now almost touched one another, thelr 
‘bases buing slightly divergent, The two blades thus formed 
@ highly inolined roof over tho axis of the eoedling, ‘Thia 
movement is the samo os that of the terminal leaflet of the 
tripartite leaves of many species of Trifollum. After an interval 
of 8 days (Nov. 29th) the blades were horizontal during the 
day, and vertical at night, and now they were no longer bowed 





inwards. They continued to move in the same manner for the 
following two months, by which time thoy had increased greatly 
in sizo, their petioles being no Joss than “8 of an inch in length, 
and two true leaves had by this time been developed. 
‘Trifolium strictum.—On tho firat day aftor germination the 
cotyledons, which are provided with » pulvinus, stood at noon 
horizontally, and at night rose to only about 45° above the 


excepting the tips, which wore much defloxod, so 
‘that they faced the zonith. At this age the petioles are curred 
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upwards, and at night, when the bases of the blades are in con= 
tact, tho two patioles together form a vertical ring 

the pluraule. ‘Thecotyledons continued to actin nearly the eaue: 
manner for § or 10 days from the period of germination; but 
the petioles had by this time become straight and had increwsed 
auch in length. After from 12 to 14 days the first simple trac 
louf was formed, and during the ensuing fortnight » remarkable 
movemont wus repeatedly observed. At I. (Fig. 125) we have 
a aketch, rnudo in tho middlo of the day, of a ecodling about 
# fortnight old, The two cotyledons, of which Me is the 
right, and Ze the left. ono, stand direetly opposite ono another, 


Pig. 195, 


‘ F. Es 
1 we mm. 


‘Trifolium strictem: diurnal nnd nocturnal pesitions of the two cotyledons 
‘and of the first Joaf I. Seedling viewed obliquely from shove, uri 
the day: Ze, right cotyledon; Ze, loft cotyledon; F first true 

A rather’ younger selling, viewed at nights 2c right cobyledou 
raised, but its position not otherwise changed» Le, eft cotyledon raised 
and Ieterally twisted; 2; lest leaf valent nnd twisted so as v0 ftom the 
loft twisted cotyledon. "Ii. Same seedling viewod at might from the 
ppt nde “The bak of the Ai hero shown inatead of 

© front, ae in TH, 












and the first true loaf (7) projects at right anglos to them, At 
night (see II. and IIL) tho right cotyledon (Re) is greatly 
raisod, but is not otherwise changed in position. The left 
cotyledon (Lc) is likewise mised, but it is also twisted, ao that 
its blade, instead of exactly facing the opposite oue, now stands 
at nearly right angles to it ‘Thisnoctarnal twisting movement, 
is effected not by meana of the yulvinua, but by the twisting of 
the whale length of the potiole, as could te seen by the curved 
ine of ite upper concave surface. At the same time the trae 
leaf (¥) rivcs up, 20 aa to stand vertically, or it oven pamss the 
vertical and is inclined a little inwards. It also twists a little, 
ty which means the upper surface of its blade fronts, and 
almost comes into contact with, the upper surface of the twisted, 
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left cotyledon. This seems to be the object gained by these 
alngular movements. Altogether 20 seedlings were examined om 
snecorsive nights, and in 19 of them it was tho left cotyledon 
alone which became twisted, with the true leaf always so twisted 
that its upper surface approached closely and fronted that of the 
loft cotyledon. In only one inelance was the right cotylodon 
twisted, with the true leaf twisted towards it; but this seedling 
wus in an alimormal condition, ms the loft cotyledon did not rise 
up properly ut night. ‘This whole case ix remarkable, as sith 
the cotyledons of no other plant have we seen any nocturnal 
movement except vertioully upwards or downwards Tt is the 
more remarkable, because we shall meet with an analogons ease 
in the leaves of the allied gonas Melilotus, in which the ter- 
inival leaflet rotates at night so as to present one edge to the 
genith and at the seme time bends to one aide, vo that its upper 
surface comes into contact with that of one of the two now ver- 
ticul Interal leaflets. 


Concluding Remarks on the Nyctitropie Movements of 
Cotyledons—The sleep of cotyledons (though this is a 
subject which has been little attended to), seems to be 
a more common phenamenon than that of leaves, We 
observed the position of the cotyledons during the day 
and night in 153 genera, widely distributed through- 
out the dicotyledonous series, but otherwise selected 
almost by hazard; and one or more species in 26 of 
these genera placed their cotyledons at night so a= 
to stand vertically or almost vertically, having gene- 
rally moved through sin angle of at least 60°. If we 
Tuy on one side the Leguminose, the cotyledons of 
which are particularly liable to sleep, 140 genera 
remain ; and out of these, the cotyledons of at least one 
species in 19 genera slept. Now if we were to select 
by hazard 140 genera, excluding the Leguminose, and 
observed their leaves at night, assuredly not nearly 
#0 many as 19 would be found to include sleeping 
species. We here refer exclusively to the plants 
observed by onrselves, 
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In onr entire list of seedlings, there are 30 gonera, 
belonging to 16 Families, the cotyledons of which in 
some of the species rise or sink in the evening or 
early night, so as to stand at least 60° aboye or be- 
neath the horizon. Ina large majority of the genera, 
namely, 24, the movement is a rising one; 80 that 
the same direction prevails in these nyctitropie move- 
ments as in the lesser periodic ones described in the 
second chapter, The cotyledons move downwards 
during the early part of the night in only 6 of the 
genera; and in one of them, Cannabis, the curving 
down of the tip is probably due to epinasty, as Kraus 
believes to be the case with the leaves, The down= 
ward movement to the amount of 90° is very decided 
in Ozalia Valdiviana and sensitiva, and in Geranium 
votundifolium, It is a remarkable fact that with Anoda 
Wrightii, one species of Gossypinm and at least 3 
species of Tpomoa, the cotyledons whilst young and 
light sink at night very little or not at all; although 
this movement becomes well pronounced as soon a8 
they have grown large and heavy. Although the 
downward movement cannot be attributed to the 
weight of the cotyledons in the several cases which 
were investigated, namely, in those of the Anode, 
Tpomesa purpurea and bona-noz, nor in that of ZL. eee 
cinea, yet bearing in mind that cotyledons are con- 
tinually cireurnutating, a slight cause might at first 
have determined whether the great nocturnal move= 
ment should be upwards or downwards, We may 
therefore suspect that in some aboriginal mombor of 
the groups in question, the weight of the 
first determined the downward direction. The fuet of 
the cotyledons of these species not sinking down much 
whilat they are young and tender, scoms opposed to 
the belief that the greater movement when they aro 
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grown older, has been acquired for the sake of pro- 
tecting them from radiation at night; but then we 
should remember that there are many plants, the 
leaves of which sleep, whilst the cotyledons do not; 
and if in some cases the leaves are protected from cold 
at night whilst the cotyledons are not protected, so in 
other cases it may be of more importance to the species 
that the nearly full-grown cotyledons should be better 
than the young ones. 

Tn all the species of Oxalis observed by us, the eoty= 
Jedons are provided with pulvini; but this organ has 
become moro or less rudimentary in 0. corniculata, 
and the amount of upward movement of its cotyledons 
at night is very variable, but is never enough to be 
called sleep. We omitted to ascertain whether the 
cotyledons of Geranium rotundifolium possess pulvini. 
In the Loguminosw all the cotyledons which sloop, as 
far as wo have seen, are provided with pulvini. But 
with Lotus Jacobeus, these are not fully developed 
during the first few days of the life of the seedling, 
and the cotyledons do not then rise much at night 
With Trifolium strictwm the blades of the cotyledons 
rise at night by the aid of their pulvini; whilst the 
petiole of one cotyledon twists half-round at the same 
time, independently of its pulvinus. 

As a general rule, cotyledons which are provided 
with pulvini continue to rise or sink at night during 
a much longer period than those destitute of this organ. 
Tn this latter case the movement no doubt depends on 
alternately greater growth on the upper and lower side 
of the petiole, or of the blade, or of both, preceded 
probably by the inereased turgescence of the growing 
cells. Such movements generally last for a very 
short period—for instanee, with Brassica and Githago 
for 4 or 5 nights, with Beta for 2 or 8, and with 
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Raphanus for only a single night. ‘There aro, however, 
some strong exceptions to this rule, as the cotyledons 
of Gossypium, Anoda and Ipomma do not possess pul- 
vini, yet continue to move and to grow for a long time. 
We thought at first that when the movement lasted for 
only 2 or 8 nights, it could hardly be of any service 
to the plant, and hardly deserved to be called sleep; 
butas many quickly-growing leaves sleep for only a 
fow nights, und ns cotyledons are rapidly developed 
und soon complete their growth, this doubt now seems 
to us not well-founded, more especially as these moye- 
ments are in many instances so strongly pronounced, 
We may here mention another point of similarity 
betwoen sleeping leaves and cotyledons, namely, that 
some of the latter (for instance, those of Cassia and 
Githago) are easily affected by the absence of light; 
and they then either close, or if closed do not opens 
whereas others (as with the cotyledons of Oxalis) axe 
very little affected by light. Tn the next chapter it 
will be shown that the nyctitropic movements both 
‘of cotyledons and leayes consist of a modified form of 
circumnatation. 

As in the Leguminosm and Oxalidm, the leaves anil 
the cotyledons of the xume xpecies generully sleep, the 
idea at first naturally occurred to us, that the sleep 
of the cotyledons was merely an carly development of 
& habit proper to a more advanced stage of life, But 
no such explanation can be admitted, although there 
seoms to be some connection, as might have been 
expected, between the two sets of cases. For the 
leaves of many plants sleep, whilst their cotyledons do 
not do so—of which fact Desmodium gyrans offers a 
good instance, as likewise do three species of Nieo- 
tiana observed by us; also Sida rhombifolia, Abutilon 
Darwinti, and Chenopodium album. On the other 
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hand, the cotyledons of some plants sleep and not the 
leaves, as with the species of Beta, Brassica, Geranium, 
Apium, Solanum, and Mirabilis, named in our list. 
Still more striking is the fact that, in the same genus, 
the leaves of several or of all the species may sleep, 
but the cotyledons of only some of them, a8 occurs 
with Trifolium, Lotus, Gossypium, and partially with 
Oxulis. Again, when both the cotyledons and the 
leaves of the same plant sleep, their movements may 
be of a widely dissimilar nature; thus with Cassia the 
cotyledons rise vertically up at night, whilst their 
leqves sink down and twist round so us to turn their 
lower surfaces outwards, With seedlings of Oxalis 
Valdiviana, having 2 or 3 well-developed leaves, it 
was a curious spectacle to behold at night each leaflet 
folded inwards and hanging perpendicularly down- 
wards, whilst at the same time and on the same plant 
the cotyledons stood vertically upwards. 

These several facts, showing the independence of 
the nocturnal movements of the leaves and cotyledons 
on the same plant, and on plants belonging to the 
same genus, lead to the belief that the cotyledons have 
acquired their power of movement for some special 
purpose. Other facts lead to the same conclusion, 
such as the presence of pulyini, by the aid of which 
the nocturnal movement is continued during some 
weeks. In Oxalis the cotyledons of some species 
move vertically upwards, and of others vertically 
downwards at night; but this great difference within 
the same natural genus is not so surprising as it 
may at first appear, seeing that the cotyledons of all 
the species are continually oscillating up and dawn 
during the day, so that a small cause might determine 
whether they should rise or sink at night. Again, the 
peculiar nocturnal movomont of the left-hand eoty- 
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ledon of Trifolium strictum, in combination with that 
of the first true leaf. Lastly, the wide distribution in 
the dicotyledonous series of plants with cotyledons 
which sleep. Reflecting on theso several facts, our 
conclusion seems justified, that the nyetitropic move- 
ments of cotyledons, by which the blade is made to 
atand either vertically or almost vertically upwards 
or downwards at night, has been acquired, at least 
in most cases, for some special purpose; nor can we 
doubt that this purpose is the protection of the upper 
surface of the blade, and perhaps of the central bud 
or plumule, from radiation at night, 
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CHAPTER VIL 


Mopirixo Cuceaxetatios: Nrcrrroric on Suxer Movewexrs oF 
es. 


‘Conditions necenmry for these mavements—List of Genera and Families, 
which include sleoping plants—Deseription of the movements in 
tho sovor.d Gunera—Ocalis: Loaflote folded at night—Avorrhoa : 
rapid movomonts of the leatlets—Porlieria ; leaflets clos when 
plant kopt vory dry—Tropmclum : leaveo do not sloop untose well 
laminated during day—Lupinus! various modes of slooping— 
Melilotus; singulex movernents of terminal leaflet—Trifoliam— 
Desmodium; rudimentary laternt leaflets, movements of, not dye 
veloped on young plants, state of their pulvini—Cursla; complex 
movements of the leuflets—Bauhinin: leaves folded ot night— 
Mimosn pudica> eompyunded movements of leaves, effect of dark- 
hess—Mirnown alblda, roduced leaflets of—Sebrankia: downward 
movement of the pinne—Mursilec: the only oryptogam known to 
sloop—Concluding remurks and ¢nmmory—Nyotitroplan consiete 
of modified eiroumnutation, regulated by the alturnations of light 
and darknose—Slape of first true leaves, 


We now come to the nyctitropie or sleep move- 
ments of leaves, It should be remembered that we 
confine this term to leaves which place thoir blades 
at night either in a vertical position or not more than 
30° from the vertical—that is, at least 60° above or 
beneath the horizon. In some few cases this is 
effected by the rotation of the blade, the petiole not 
boing either raised or lowered to any considerable 
extent. The limit of 30° from the vertical is obvionsly 
an arbitrary one, and has been selected for reasons 
previously assigned, namely, that when the blade 
approaches the perpendicular as nearly og this, only 
half as much of the surface is exposed at night to the 
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zonith and to free radiation as when the blade is 
horizontal. Nevertheless, in a fow instances, leaves 
which seem to be prevented by their stracture from 
moving to so great an extent as 60° above or beneath 
the horizon, have been included amongst sleeping 
plants. 

Tt should be premised that the nyctitropic move- 
ments of leaves are easily affected by the conditions 
to which the plants have been subjected. If the ground 
is kept too dry, the movements are much delayed 
or fail: according to Dassen,* eyen if the air is 
very dry the leaves of Impatiens and Malva are 
rendered motionless. Carl Kraus has also lately 
insisted t on the great influence which the quantity of 
water absorbed has on the periodic movements of 
leaves; and he believes that this cause chiefly deter- 
mines the variable amount of sinking of the leaves of 
Polygonum convolvulus at night ; and if so, their mowe= 
ments arc not in our senae strictly nyctitropic. Plants 
in order to sleep must have been exposed to a proper 
temperature: Erythrina erista-galti, out of doors and 
nailed against a wall, seemed in fairly good health, 
but the leaflets did not sleep, whilst those on another 
plant kept in a warm greenhouse were all vertically de- 
pendent at night, In a kitchen-gardon the leaflets of 
Phaseolws vulgaris did not sleep during the early part 
of the summer. Ch, Royer says, referring | suppose 
to the native plants in France, that they do not sleep 
whon tho temperature is below 5° C, or 41° F. In 
the case of several sleeping plenty viz, species of 





* Dusen, *Tijidschat(t vor (Oth series), 1x. 1868, p. 345, 
tipi Gosh, on Suyabeet “Sheilsage sur Keutsian a 

ea, jit x 106, Seo leo Beweguny 

w importance of 38 1p. 

perso turgessence of ths . 
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‘Tropeolum, Lupinus, Ipomca, Abutilon, Siegesbeckia, 
and probably other genera, it is indispensable that 
the leaves should be well illuminated during the day 
in order that they may assume at night a vertical 
position ; and it was probably owing to this cause 
that secdlings of Chenopodium album and 

orientalis, raised by us during the middle of the winter, 
thongh kept at a proper temperature, did not sleep. 
Lastly, violent agitation by a strong wind, during o 
few minutes, of the leaves of Maranta arundinaces 
(which previously had not been disturbed in the hot- 
honse), provented their sleeping during the two next 
nights. 

We will now give our observations on sleeping 
plants, made in the manner described in the Intro- 
duction. The stem of the plant was always secured 
(when not stated to the contrary) close to the base of 
the leaf, the movements of which were being observed, 
so a8 to prevent the stem from ciroumnutating. As 
‘the tracings were made on a yertieal glass in front of 
the plant, it was obviously impossible to. trace ite 
course vs soon a8 the leaf became in the evening 
greatly inclined either upwards or downwards; it 
must therefore be understood that the broken lines 
in the diagrams, which represent the evening and 
nocturnal courses, ought always to be prolonged to a 
much greater distance, either upwards or downwards, 
than appears in them. ‘The conclusions which may be 
deduced from our observations will be given near the 
end of this chapter. 

Tn the following list all the genera which include 
sleeping plants are given, as far as known to us, The 
same arrangement is followed as in former cases, and 
the number of the Family is appended. This list 
possesses some interest, as it shows that the habit of 
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sleeping is common to some few plants throughout 
the whole vascular series. The greater number of the 
genera in the list have been observed by ourselves 
with more or less care; but several are given om the 
authority of others (whose names are appended in the 
list), and about these we have nothing more to say. 
No doubt the list is very imperfect, and several genera 
might have been added from the ‘Somnus Plantaram” 
by Linnasus; but we could not judge, in some of his 
eases, whether the blades occupied at night a nearly 
vertical position. He refers to some plants as sleeping, 
for instance, Lathyrus odoratus and Vicia faba, in which 
we could observe no movement deserving to be called 
sleep, and as no one can doubt the accuracy of Linnams, 
we are left in doubt, 


List of Genera, including specice the leaves of which sleep. 








Cua : DICOTTLEDOKS, Subclass 1. Awatonrsaats—ondinuad, 
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Chass 1. DICOTY LEDONS (continued). 
Sub-class 1. ANGLoee nos, 
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List of Genera (continued), ; 
Sub-clas 1. Awarosrenas (continued), 
nl Fanily. 

— cr} ‘Onagrariow (100). 
Paasillora, Passiforncen (109). 
Bi Counposive (122). 
Fancy Case 
Nicotiana. state 157) 
Mirabilis, Nyotaginew (177). 
Pipe or} Paty (178). 
Amaranthns, Cos 
Chenopodiam, ‘henopotion (181) 
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‘Sub-class LL. Grstyosvenaes, 
Abies (Chatin, 

Cass II, MONOCOTYLEDONS, 
Tala | Cannacom (21), 
Calocasa, Arvidew (30). 
Strephiom. | Graminew (58). 





Albistia. yy Te XXL 
Melalouca (Bouché), | Myrtacem (94), 








Cisse HI, ACOTYLEDGNS, 
Marsilea. Marsilenoom (6). 


Githago eogetum (Caryophyliee)—The first loaves produced 
by young seedlings, riso up and close together at night, Ono 
rather older seedling, two young leaves stood at noon at 55° 
above tho horizon, and wt night at $6°, so each had risen 81°, 
‘The angle, however, was less in some cates, Similarobservations 
wore occasionally made on young leaves (for the older ones moved 


Stellaria closa up so complotely at night that they farm together 


great bude. 


‘sida (Malvacem).—The nyctitropic movements of the leaves 
in this genus are remarkable in some respects. Batalin informa, 


¥ 
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us (see also ‘Flora,’ Oct. Ist, 1878, p. 437) that those of 
7.20: 8. napera fall at night, but 

to whet angle ho cannot 

remember. ‘The leaves of 

8. rhombifolia nnd retusa, on 

tho other hand, riso up 

10'S pa 288 vertically, and are prossod 
eresem: \ against the stam, We tava 


40'am.20" 


\ posite movements. Again, 
tho leaves of 5, rhombifotia 
are furnished with a jal 


\ small colla destitute of chlo~ 
rophyll, and with their 

longer axes perpendicular 

to tho axis of the petiole, 

As mensured along this 

lattor Lino, these cells are 

only 3th of the length of 


8909.40 


vee ge usual with the pulvinus in 
A * most plants), they graduate 
into the larger colla of tho 

\ petiole, On theother hand, 
MS  nnpoa, acconling to Ba 
; i talin, doos not poset & 
af. pulvinus; and he informs 

us that a gradation may be 

Samana traced in tho several spocion 

Ads rhombifollas elveumnutation and Of the genus between these 
ayctitzopte (or sleep) movemeats of two states of tha petiols 
a lat Plant, 9 inches Sizq rhombifelia presents 

{a another peculiarity,ofwhich 

wo have seen no other in- 
from stance with leaves that 
sleep: for those on very 
young plants, thongh they 
rise somewhat in the evening, do not go to sleep, au we observed 
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‘on several occasions; whilst thoso on rather older plants sloop 
ina conspicuous manner. For instance, a leaf (-85 of an inch 
in length) on a very young seedling 2 inches high, stood at noon 
9° above the horizon, and at 10 Pat. at 28°, so it had risen only 
19°; another leaf (174 inch in length) on # seedling of the 
same height, stood at the same two periods at 7° and 92°, and 
therefore had risen 25°. These leaves, which moved so little, 
had a fhirly woll-dovoloped pulvinus. After an interval of some 
weeks, when the same seodlings were 24 and 8 inches in height, 
some of the young leaves stood up at night qnite vertically, and 
others wore highly inclined; and ¢o it was with bushes which 
were fully grown and were flowering. 

‘The movement of a leaf was traced from 9.15 A.4. on 
May 28th to 880 4.x, on the 80th. Tho tomporature was too 
low (15°—16° €,), and the illumination hardly sufficient; con 
sequently tho leaves did not become quite so highly inclined at 
night, aa thoy had done provionsly and as they did subse- 
quently in the hot-house: bat the movements did not appear 
othorwike disturbed. On the first day the leaf sank till 
6.15 vast; it then rose rapidly and greatly till 10.6 rw., and 
only a Kitle higher during the rest of the night (Fig, 126). 
Early on the next day (29th) it fell in @ elightly zigzag line 
rapidly until 9 a.., by which time it bad reached nearly the 
samo place as an the previous morning. During the remainder 
‘of tho day it fol! slowly, and zigzngged laterally, ‘The evening 
ris bopan after 4 rat. in the samo manner as bofore, and on 
tho second morning it again fell rapidly. ‘The ascending and 
dosconding lines do not coincide, as may be seen in the diagram. 
On the 80th a now tmcing was mado (not hero givon) on a 
rather enlarged scale, as the apex of the leaf now stood 9 inches 
from the vertical glass. Tn order to observe more carefully the 
course pursued at the time when the diurnal fall changes into 
‘the nocturnal rise, dots were made every half-hour between 
12a. and 10.30 pat. This rendered the lateral zigzagging 
movement during the evening moro conspicuous than in the 
diagram given, but it was of the same nature as there shown, 
‘Tho impression forced on our minds waa that the leaf was 
expending superfluous movement, vo that the great nocturnal 
tise might not occur at too early an hour, 

Abutilon Darwinit (Malvarem)—The leaves on rome very 
young plants stood almout horizontally during the day, and 
hong down vertically at night, Set ea) ay 

Y 
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B24 
Juxgo hall, lighted only from the roof, did not sleep at night, — 
tn order to do so the leaves mnst be well illuminated during 


loaves of @ Malva, allied to M, sylucatris, xiso greatly at night; 
and this genus, as well as that of Hibisous, are incl by 
‘Linnans in his lat of sleeping planta, 

Anoda Wrightié (Malvace@)—Tho leaves, produced by very 
young plants, when grown to » moderate sizo, sink at night 


kob-potiolos aro short the bindes could not aseme this position 
from the want of space, unless they wero in eome manner rene 
RL ISTE Roe Se A Sextet by Bote, beomlogianen 
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close contact; and from this circamstance it might be thought 
that the object of the folding was the protection of their lower 
surfaces, If thie had Wen the ease, it would havo formed 
strongly marked exception to the rule, that when there is any 
difference in the degree of protection from radiation of the two 
surfacen of the leaves, it) is alwaya tho upper eurfacs which is 
the bost protected But that tho folding: of the leaflets, and 
consequent mutual approximation of their lower surfuces, 
sorres merely to allow them to sink down ‘ertically, may bo 


Pig. 197. 





Oreatia acetonella : A, Tent seen from vertieally above y By diagram of Leal 
asloep, also sea from vertically above. 


inferred from the fact that when the leaflete do not rudinte 
from the sommit of a common petiole, or, ognin, when there in 
plenty of room, from the sub-petioles not being very short, the 
Jeatlots eink down without: becoming folded. ‘This oceurs with 
the leaflets of 0. sensitiva, Plumierii, and bupleurifolia, 

There is no uve in giving u long list of the many species 
which sloop in the above described manner. This holds good 
with apocies having mthor Seahy leavos, like those of O.rarnome, 
or large leaves like those of O. Ort-yerti, or four leaflets like 
those of 0. variabilis, ‘There are, however, some species whieh 
show no signs of sleop, viz., 0. pentophytla, enneiphylla, hirta, 
and rubella, We will now describe the nature of the movements 
in some of the specios. 

citi acctowtla,—The movement of a leaflet, togothor with 
that of the main petiole, ars shown in the following dine 
gram (Fig. 128), traced between 11 4.% on October 4th and 
7.45 4.x, on the 5th. Aftor 5.20 r,t. on the dith the leaflet eank 
mpidly, and at 7 xa depended vertically, For some time 
Defure it assumed this tater position, it movements could, of 
conme, no longer bo traced on the vertical glass, and the 
Iroken line in the diagram ought to be extended much further 





326 MODIFIED CIRCUMNUTATION. Car, VIL 


Fig. 128, 
aa down in this and all other 
caves, By 645 a.m. on the 
following morning it had 
risen considerably, and con- 
tinued to rise for the next 
hour; but, jndging from 
other obscryations, it would 
svon have begun to fall agwin. 
Betwoon 11 aor, and 5.30 Pat. 
tho leatlet moved at least four 
times up nnd four times 
down before the grent noc= 
turnal fall commenced; it 
reached its highest point at 
noon. Similar observations: 
wore mado on two othor 
leaflots, with nearly the same 
results, Sachs and Pfotfor 
have also described briefly* 
the autonomous movements 
of the leavos of this plant. 
On another oceasion the 
petiole of n lenf was secured 
ton littlo stick close beneath 
tho leaflets, and a filament 
tipped with a bend of senling- 
wax was affixed to the mid~ 
rib of one of them, and a 
mark was plncedclose bohind, 
At Tat, whon the leatlote 
were aslenp, the filament de- 
Fonded vertivally down, and 
the movements of the bead 
were then traced till 10.00 
PM, a8 ehown in tho fol- 
lowing diagram (Fig. 129). 
se Reariy Wa hero neo that the leaflet 


Ce ee res Tee 5 ite oe ea 
“* pn lyr side, ax well as 9 little up 
Hennes tgs oaraticl hes lS ao ‘Gown, whilat asleep, 


* Bache fa *Plorn,’ 1803, p, 470, e.; Pfeffer, ‘Die Period. Rowe 
srungen,” 9. 1875, p 53 
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Osalis Valdiviana,—Tho loaves resemble those of the last 


| 
88 
[ 
BE 


Les Koper dy) dlrcumnuta- 

was more lateral mavernant,so that 2 hea acloep 5 
. = traced tical ginae 

‘broader cllipsos wore dosoribed. Guringahe40m. 


sete per rie er PS I Sa A 
night. 
Ovalis Ortegesii—The large leaves of this plant sleep like 


of the petioles, and tho vertical sinking of the larga leaflets, 
tho leaves become crowded together at night, and the whole 
plant then exposes # much mal'er surface to radiation than 
during the day. 

Oxalis Plumierii—In this spocios the three Joaflots do not 
surround the summit of the petiole, but the terminal leaflet 
projeots in the line of the petiole, with a lataral leaflet on ench 
side. ‘They all sleep by bending vertically downwards, but 
do not become at all folded. The petiole is rather long, and, 
‘ono having beon seared to a stick, the movement of the terminal 
leaflet was traced during 45 hon a yortical glana, It moyod 
in a very simple manner, sinking rapidly after 6 vat, and 
vising rapidly early next morning. During the middie of theday 
it moved slowly and & tittle latorally, Consoquently the ascend~ 
ing and descending lines did not coincide, and a single groat 
ellipse was formed each day. There waa no other evidence of 
circumnutation, and this fact in of interost, as we shall hare- 
after see, 

Oralia sensitive. —Tha leaflets, ax in the last species, bend 
vertically down at night, without becoming folded. The much 
‘elongated main petiole rises considerably in the evening, but in 
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ing liko the leaflets, iso up vertically nt-night. 


Fig. 190. 


movements on vere 
Micl lan from 9.4. June 
20th to BAO Aw, 98th. 
Ate: of Safed 4) tn 

toss oenot 


i. Plane 
9 in inches ‘igh, ‘Mtuintoated 
from above. Tomp. 235° 


24y°C. 


Oralie bupleurifolia.—Thia epecies 
isrondered romarkableby the petioles 
being foliaceaus, like the phyliodes 
of many Acacink ‘The leaflets are 
small, of a paler green and more 
tender consistence than the folin« 
ceouk petioles. The leatiet which was 
obperved was *55 inch in longth, and 
was borne by @ petiole 2 inches long 


hhas actually occurred with thoae of 
anothor Brazilian species, 0. ruse 


during 48 b., and found to be in 
continued circurnnutation, as shown 
in the accompanying figure (Fig. 
180), It rose daring the day end 
carly part of the night, and fell 
during the umainder af tho night 
ond early morning; but the mow 
ont was not sufficient to be called 
sloop. ‘The ascending und descends 
ing Lines did not coincide, so that an 
ellipse was formed ench day, ‘There 
wax but little zigeagging; if the 
filament shad boon fixed 
nally, we shoold probably have seen 
that thero was more Iatern! mares 
‘ment than appears in the diagram. 


A terminal lenflet on another leaf was next olserved (the 





‘Ouar. VIE. SLEEP OF LEAVES, $29 


more than 90°, 20 ns to assume at night their vertical position, 
On the fizst day the leaflet simply moved np and down; on the 


Fig. 18, 


rol aleog 


B45 sat, 28th, Conditicas the 
















leaflet, with 





movement of te 


am. on June 


second day it plainly eiremmmntated between 8 A.vt. and 4.30 Px, 
after which hour the great evening fall commenced. 
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Averrhoa bitimbi (Oxalidw).—It has long bean known,” firstly, 
that the leafluts in this genus sleep; secondly, that they move 
spontancously during the day; and thirdly, that they are senai- 
tive to a touch; but in noue of thew revects a aaa 













faite batt alinigly inaeibed): in the aaah ot Ba 
wonderful spectacle to behold on a warm sunny day 
one after the other sinking rapidly downwards, 
ascending slowly, Their movements rival those of Dew 
gyms, At night the leaflets hang vertically do 


Aneer’oa Sitiond » leaf sobeep; drawing reduced, 


thay are motionless, but this may bo dae to the app 
Leing pressed together (Fig. 139). The main petiole is 
stant movemont during the day, but no cureful o 
made on it, The following diagrams aro graphio 
tious of the Yariations in the angle, which a given 
with the vertical. ‘The observations wore mado ag 
The plant growing in a pot was kopt in a high tompe 
the petiole of tho leaf to be observed pointing 
tho observer, being separated from him by a rortical 
glass. The petiole was secured so that tho basal 
‘vinus, of cme of tho lateral leaflets was at the ceatre of a gr 
ated are placed close behind the leaflet, A fina glass c 

vas fed to tho leaf, #0 08 to project like a continnation of the 


aiid 
Toure! Lines Boo 5 EM wee p85 _— 
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midrib, ‘This filament noted as an index; and aa tho loaf rote 
and fell, rotating about its basal joint, its angular movement 


Fig. 133, 





Averrhos ibis angular movements of a Leatlot during its evening 
descent, whon going to slosp. Temp. 78°=81° Fr 


could be recorded by reading off at short intervals of time the 
position of the glass filament on tho graduated are. In onder 
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shown in Fig. 185, ‘The temperature began to rive ab 1185 
Aot (in consequence of the fire being lighted), but by L242 6 
marked fall had ocourrol, It may be seen in the diagram that 
whon the temperature was highest there were rapid oscillations 


Me, 14, 







Acerrhoa Mlimbt 
bright {lum 
nearly the same, 


gular morements of leaifet during = change from 
on to shade; temperatare (broken Line) remaining 


of small amplitude, the mean position of the leaflet being at the 
time nearer the vertieat. When the temperatura began to fall, 
‘tho oeeillatione became slower and larger, and the mean position 
of the leaf again approached the horizontal. The rate of oscil- 
lation was sometimes quicker than {s represented in the above 
diagram. Thus, when the temperature wae betwoon BL° and 
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‘82° C,, 14 oscillations of a fow dogrees occurred in 19m. On 
‘the other hand, an oscillation may be much slower ; thus a leaflet 


‘was observed (temperature 25° 0.) to 
rise during 40 m. beforo it fell and 
completed its oscillation, 

Porlieria hygrometrica Zygophylew). 
—Tho leaves of this plant (Chilinn 


form) mre from 1 to 1} inches in length, - 


‘and bear as many as 16 or 17 sannll 
Jeatlota on each ride, which do not 
etand opposite one another, ‘They are 
articnlated to the petiole, and the 
potiole to tho branch by a pulvinus. 
‘We must premise that apparently two 
forms are confounded under the same 
name: the leaves on a bush from Chili, 
which was sent to us from Kew, bore 
many leaflets, whilst those on plants 
in the Botanic Garden at Wi 

bore only 8 or 9 pairs; and the whole 
character of the bashes appeared some~ 
what difforont, Wo shall also soo that 
they differ in a remarkable physio- 
logical peculiarity. On the Chilinn 
plant the potioles of the younger leaves 
on upright tranches, stood horizontally 
during the day, and at night sank 
down vertically #0 a8 to depend parallel 
and close to the branch beneath. The 
petioles of rather older leaves did not 
become at night vertically depressed, 
but only highly inclined. In one 


Fig, 196, 





instance we found a branch which had Polieria Aypremeireon be 


grown perpendicularly downwards, 
and the petioles on it moved in the same 
direction rolatively to the branch ux 
Just stated, and therefore moved up- 
wards, On horizontal branches the 
youngor petioles Likewise mave nt night 
‘mi tho samo diroction as before, that is, 


‘cummutation 





glass, Temp. 19,204" C, 


towards the branch, and are consequently then extended hori- 
vontally; but it is remarkablo that the older potioles on the 
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same branch, though Mela obec orb ater) pledee 
bend downwunds; they thus occupy a somewhat different 

tion, relatively to the contro of the earth and to the branch, from 
that of tho petioles on tho upright branches, With respect 10 
the leaflets, they move at night towards the apex of the petiole 
‘until their midribs stand nearly parallel to it; and they then 
lie noatly imbricated one overthoother, Thus half of the upper 
‘surface of each feaflet bs in clot contact with half of the lower 


ond is shown in the 
first morning, the Ieaf fell a little and then rose until 1 ro, 
and this was probably due to its being now illuminated throngh 
‘a skylight from above; it then ciroumnutated on a very einall 

‘the same spot until about 4 rat. when the great 
fall commenced. During the latter part of the night ar 


a Ce IT plore 
preceding 


F 
i 
f 


soon afterwards 

this coniplated double oeellation during the 5h 

‘The spocific name given to this plant by Ruiz and Pavon, indi 
cates that in its native arid home it is affected in some manner 
by the dryness or dampness of the atmosphore,* In the Botanic 
Garden ot Wirxbury, there waa a plant in a pot ont of dears 
which wae daily watered, and another in the open ground whieh 
ras never watered. After some hot and dry weather there wns 
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or even quite, closed during the day. But twigs cut from this 
bnsh, with their ends standing in water, or wholly immersed in 
it, or kopt in damp air under a bell-glass, opened thoir leaves 
though exposed to a blazing sun; whilst those on the plant 
in the ground remained closed. ‘The leaves on this same plant, 
after some heavy rain, remained open for two days; they then 
‘becaine half closed during two days, and after an additional 
day were quite closed. ‘This plant was now copiously watered, 
fnd_on the following morning the leaflets wero fully ex- 
panded, The other plant growing in a pot, after having heen 
exposed to heavy rain, was placed before a window in the Labor 
ratory, with its leaflots open, and thoy remained #0 during the 
daytime for 48 h.; but after an additional day were half closed. 
‘The plant was then watered, and tho leaflets on the two following. 
days romained open. On the third day they wore again half 
closed, but on being again watered remaised open during the 
two next days, Fror these several facts we may conclude that 
the plant soon feels tho want of water; and that an soon as this 
occurs, it partially or quite closes its leaflets, which in their 
‘then imbricated condition expose a small surface to evaporation, 
‘It is therefore probable that this slecp-like movement, which 
occurs only when the ground is dry, is an adaptation aguinst 
the loss of moisture, 

A bush about 4 foot in height, a native of Chili, which was 
thickly covered with leaves, bebaved very differently, for during 
the day it never closed its leafleta. On July 6th the earth in 
tho small pot in which it grew appeared extromoly dry, and 
dt was given a very little water. After 21 and 22 days (on 
‘the 27th and 28th), during the whole of which time the plant 
did not receive a drop of water, the leaves began to droop, but 
they showed no signs of closing during the day. It appeared. 
almost ineredible that any plant, excopt a fleshy one, could 
have kept alive in soi) eo dry, which rosombled the dust on 
aroad, On the 29th, when the bush was shaken, some leaves 
fell off, and the remaining ones were unndle to sleap at night. 
‘It was theroforo moderately waterod, us well ws ayringed, Ite i. 
theevening. On thenext morning (30th) the bush looked ae fresh 
‘a ever, and at night the leaves went 10 aleep. Tt may be added 
that a xmall branch while growing on the bush was enclosed, 
by means of a curtain of bladder, during 18 days in o Inrgu 
bottle half full of quicklime, so that the air within must have been 
intensely dry ; yot the loaves on thia branch did not suffor in the 

a 
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Jout, and did not close at all during the hottest daya. Another 
trin] was mado with the samo bush on August 2nd and 6th (thoeoil 
appearing at this Iutter date extremely dry), for it was exposed 
‘ont of doors during tho whole day to the wind, but the leaflets 
showed no signa of closing. Tho Chilian form therefore diffore 
widely from the one ut Wlirsburg, in not closing its leaflets 
when suffering from tho want of water; and it can live for a 
eurprisingly long time without water, 

Treperolum wejus (2) (cultivated var.) (‘Tropwoles).—Several 
plants fn pots stood im the greenhouse, and the blades of 
the leaves which faced tho front-lighta were during tho day 
highly inclined und at night vertical; whilst the leaves on 
tha bask of the pots, thongh of course illuminated through 
tho roof, did not becomo vertical at night. We thonght, nt fst, 
that this difference in their positions was in some manner 
due to heliotropixm, for the leaves are highly heliatropie, ‘The 
trae explanstion, howover, is that wnlees they are well sla 
minated during at Teast @ part of the day thoy do not sleep at 
night; and a little difference in the dagren of ilinmination detex= 
minos whether or not they shall become vertical at night, We 
have observed no other so well-marked a case as this, of the 
influence of previoux illumination on nyctitropie movements, 
‘Tho loaves progent also anothor peculiarity in their habit of 
rising or awaking in the morning, being more strongly fixed or 
inherited than that of sinking or sleeping at night. The mave- 
monts aro caused by the bending of an upper part of the poticle, 
between and I inch in length; but the part close to the blade, 
for about + of an inch in length, does not bend avd always 
remains at right angles to the blade, The bonding portion dees 
not present any external or internal difference in structure 
from the rest of the potiole. Wo will now give the experiments 
on which the above conclusions aro founded. 

A large pot with several plants was brought on the morning 
of Sept. Srd ont of the greenhouse and pliced before w north-east 
window, in tho same position as before with rospect to the light, 
‘as fox as that was possible, On the front of the plants, 24 leaves: 
were marked with thread, some of which bed their blades bari< 
zontal, but the groater number were inclined at about 45°, 
Tencath the horizon; at night all theso, without 
became vertical, Early on the following morning (4th) they 
reassumed their former positions, and at night again besame: 
vertical, On the 6th the shutters were opened at 6.15 Ast, amd 


kL 
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by 8.18 Act, after the leaves had been illarainated for 2h. 3 m., 
and had sequired their diurnal position, they were placed in a 
dark eopboard, ‘They were looked at twice during the day and 
‘thrice in the evening, the last time at 10.80 p.m, and not one had 
become vertical. At 8 a.m, on the following morning (6th) they 
still retained the same diurnal position, aud were now replaced 
before tho north-east window. At night all the leaves which 
had faced the light had their petioles eurved and their blades 
‘vertical; whereas nono of the leaves on tho back of tho plants, 
although they had boon moderately illuminated by the diffused 
light of the room, were Vertical. ‘They were now at night placed 
in the same dark ‘at 9 Aot. on the next morning (7th) 
all those which beon asleep had reawumed their diurnal 

ion, The pot was then placed for 9h. in the sunshine, 60 
4 to stimulate the plants; at noon they were pliced before the 
same north-tast window, and at night the loaves slept in the 
usual manner and swoke on the following morning. At noon on 
‘this day (Sth) the plants, after having bean lett before the north- 
cast window for 6 h. 46 m, and thus illuminated (though not 
brightly, 08 the sky was cloudy during the whole time), wore 
replaced in the dark cupboard, and at & p.m. th position of tho 
Jeaves won very little, if at all, altered, so that they are nob 
quickly affected by darkness; but by 10.15 pat all the leaves 
which had faced tho north-oast sky during the Sh, 45m. of 
illumination stood vertical, whereas those on the back of the 
plant retained their diurnal position, On the following morning 
(9th) the leaves awoke ns on the two formor cecasions in the dark, 
and they woro kept in tho dark during the whole day; at night 
ae very few of them became vertical, and this was the one in~ 
stance in which we observed any inherited tendeney or habit in 
thio plant to slocp at the proper time. That it was real weep 
was shown by these same leaves reassuming their diurnal posi~ 
tion on the following morning (10th) whilst still kept in tho 
dark. 

‘The pot was then (9.45 a.at. 10th) replaced, after having been 
kept for 86 h. in darkness, before the north-cast window; and at 
night tho blades of all the loaves (excopting a fow on the back of 
the plants) became conspicuously vertical. 

At 645 At, (11th) after the plants had been illuminated on the 
samo kide as before daring only 25m., the pot wae turned round, 
vo that the leaves which had faced the light now faced the 
interior of the room, and not one of these went to sleop at night; 

“2 





(euken ane iypoee stood during the day almost 
horizontally and at night almost vertically, 

A few observations were eubeequently made on the eireum- 
‘nutation of three leaves, whilst facing « north-cast window; but 
‘tho tracings are not given, ax the leaves moved somowhat 
‘towards tho tight. It was, however, manifest that they rose 
and fell more than once during the daytime, the ascending and. 
Secondo ies bikng in pata ontremnely siggy ‘The nocturnal 


shay br GAB aa ou ths Dlizniog meal 
Legquminose,—Thin imcindes many more genera with 
looping than all tho other families put togethor, The 


number of the ills fo whieh each gene baking eocoaliag a 
‘Bentham and Hooker's arrangement, has been added, 
Crotolaria (sp, 2) (Tribe 2).—This plant is monophyllous, and 
‘wo are informed by Mr. 'T, Thiselton Dyer that the Nenrabicion 
oe le nse 
(Zribe 2)—Tho palmate or Hino Teaven of the 
large ‘three different 
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did not move in any plainly perouplible degree. It ix, however, 
quite possible, nx we shall prosontly seo, that if a largo number 
Of, plania of the three foregoing end of the following, spociea 


Fig. 187. 





B, 


Zupinas poe + Ay Noa van feos vertically above tn daptimes lat 
asleep, seen laterally at night, 


were to be observed at all seasons, some of the loaves would be 
found to sleep in a different manner. 

In the two following species the Teaflots, Instead of moving 
downwards, rise at night. With 1, Hartwegii some stood at 
noon ata moan angle of 36° abore the horizon, aud at night 
‘at 51°, thus forming together a hollow cone with moderately 
ateop sides. The petiole of one leaf rose 14° and of a second 
11? at night, With 2, Jutews m leaflet rose from 47° at noon to 
5° above the horizon at night, and another on a distinct leaf 
rose from 45° to 69°, The petioles, however, sink at night to 
@ small oxtont, vit. in three instances by 2°, 6°, and 9° 30, 
Owing to this movement of the petioles, the outer and longer 
leaflets have to bend upa little more than the shorter and inner: 
‘ones, in ordor that all should stand aymmotrically at night. 
‘We shall presently see that some leaves on the same individual 
plants of J. infeus sleep in a very different manner. 

Wo now come to a remarkable position of tho lenves 
when asleop, which is common to several species of Lupines. 
‘On the same leaf the shorter leaflets, which generally face the 
contro of tho plant, eink at night, whilst tho longer ones 
on the opposite side rise; the intermedinto and lateral ones 
‘morely twisting on thelrown axes. Tut thers is somo variability 
with respect to which leatlets rise or fall. preteen 
expected from such diverse and complicated movements, the 
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base of cach leafict is developed (at loast in the case of Zi, Zutews) 
into # pulvinus, The result is that all the leaflets on the 
same leaf stand at night more or less highly inclined, or even 
quite yortically, forming in this lattor caso a vortical star, Thie 
occurs with the leaves of a species purchased under the name of 


Fig. 13% 


c 
Lapinns prvbencenss A, loaf viewed Intersily during the day ; 1, sume leat 


at night; Cy auother leaf with the leaflet forming m vertical atar ak 
night. Figures reluced. 


L. puhescens ; and in the accompanying figures we noo at A (Pig. 
188) the Ieaves in their diurnal position; und at 1 tho same 
plant at night with the two upper loaves having their leafleta 
almost vertical, At C another loaf, viewed laterally, is shown 
with the leaflets quite vertical. 1t is chiefly or exclusively the 
Youngest leaves which form at night vertical stare But there 
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is much variability in the position of the leaves at night on the 
same plant; some romaining with their leaflets almost horizontal, 
othors forming more or less highly inclined or vertical stars, and 
some with aiZ their leaflets sloping downwards, 48 in our first 
class of casos. It is also 4 remarkable fact, that although all the 
plants produced from the same lot of sceds were identical in 
appearance, yet some individuals at night had the leaflets of all 
their leaves arranged 80 as to form moro or loss higitly inolined 
‘stars ; others had thom all sloping downwards and never forming 
na 1; nnd others, again, retained them either ina horizontal 
ition or raised them n little, 

SSF SRS SE to the different positions of the 
leaflets of Jo. pubescens at night; but the petioles likewixe differ 
in their movements, ‘That of a young leaf which formed a 
highly inclined star at night, stood at noon at 42° above the 
horizou, and during the night at 72°, 50 had risen 30°, The 
petiole of anothur loaf, the leaflets of which occupied « similar 
position at night, rose only 6°, On the other hand, the petiole 
of a loaf with ull its leaflets sloping down nt night, fell at this 
time 4°, The potioles of two rathor older leaver were aubae- 
quently observed; both of which stood during the day at exactly 
‘the saine angle, viz,,50° above the horizon, and one of these rose 
7°—S°, and the other fell 3°—4° at night. 

We moct with cases like that of 4. pubescens with some other 
species, On a single plant of £. mutabilis some leaves, which 
stood horizontally during the day, formed highly inclined stars 
at night, and the petiole of one rose 7°, Other leaves which 
likewise stood horizontally during the day, had at night all their 
Jeaflots sloping downwards ot 46° beneath the horizon, but 
their potioles had hardly moved. Again, 2. tufeus offored a atill 
more remarkable case, for on two leaves, the leaflets which stood 
‘at noon at about 45° above the horigon, rose at night to 65° anc 
69°, 20 that they formed a hollow cone with stcep aides. Four 
Jeaves on the same plant, which had their leaflets horizontal at 
noon, formed vortical stars ab night; and throo other leaves 
equally horizontal at noon, had all their loaflota sloping down- 
qwards at night, So that the leoves on this one plant assumed 
at night three different positions, Thongh we cannot sccount 
for thia fact, we con eco that such a slok might sul gi 
births to species having widely difervat n; 

Little more need ba said about the sleep of opm Tey 
pinus; several, namely, J. polyphyllue, nanus, Mensiests, apeciosus, 





3a MODIFIED CIRCUMNUTATION, Chay, VELL 


and ulbifrons, though observed out of doora and in the green 
house, did not change the position of their leaves auffictently at 
night to be said to sleep. From observations made on two 
sleeping species, it appears that, as with Zropactum mojus, the 
loaves must be woll illuminated during the day in arder to sleep 
at night, For sovoral plants, kept all day in a sitting-room 
with north-east windows, did not sleep at night; but when the 
pote were placed on the following day out of doors, and were 
brought in at night, they slept in tho weual manner. | ‘The trial 
was repeated on the following day and night with the sume 
result. 

Some observations wore made on the cireumnutation of tho 
leaves of J. Zutews and arburews, It will suffice to say that the 
leaflets of the latter exhibited a double oscillation in the course 
of 24h.; for they fell from the carly morning until 1015.4.st., 
thon rose and zigmagyed greatly till 4 ron, after which hour the 
great nocturnal fall commenced, By 8 Am, on the following 
morning the leaflets had riton to thoir propor height, We hare 
seen in the fourth chapter, that the leaves of /upinus speeioeme, 
which do not sleep, clrcumnutate to an extraordinary extent, 
mang many elif oo in tho course of the day, 

‘ytisus (Tribe 2), Trigonelte and Meticugo (Tribe 9).—Only 


Vig. 19, 


at 


Medicago marina A, loavex duting the day ; 1, levee asleep at nights 


= few cbeorvations were made on thes threo genera, ‘The 
petioles on ® young plant, about a foot in hoight, of Cytieus 
Seagran rose nt night, on one occasion 29° and on another 88°. 
‘The three Jeaflets also bend upwards, and at the sume time 





of M. marina awake and asleep; and this would almost serve 
for Oytinus fragrans in tho samo two states. 

Melilotus (Tribe 8).—Tho species in thin genus sloop in a 
remarkable manner, ‘The three leaflets of each leaf twist through 
fn onglo of 90°, so that thoir blados stand vertically at night 
with ono latoral odgo prosonted to the gonith (Fig. 140). Wo 
shall best understand the other and more complicated move- 
monts, if we imagine ourselvoe always to hold the leaf with the 
tip of the torminal leaflet pointed to the north. The leaflets in 
Decoming vertical at night could of course twist so that their 
‘upper surfaces should free to eithor sido; bnt the two Interal 
Teaflets always twist #0 that this surface tends to face the north, 
but os they move at the sume time towards the terminal leaflet, 
the upper surface of the ane faces about N.N.W., and that of 
tho other N.N.E. ‘The terminal leaflot bohaves differently, for 
it twists to either side, the upper surface facing sometines euxt 
nnd sometimes west, but rathor more commonly wost than east. 
‘The torminal leaflet also moves in another and more remarkable 
manuer, for whilst ita blade is twisting and becoming vertical, 
tho whole leaflet bends to one side, and invariably to the side 
towards which the upper surfuce is directed; wo that if this 
‘surface faces the west the whole leaflet bends to the west, until 
it comes into contact with the upper and vertical surface of 
tho western lateral leaflet. Thus the upper surface of the 
terminal and of one of the two lateral leaflets is well protected. 

‘Tho fact of the terminal loaflot twikting indifferently to either 


* * Annales des Se. Nat. Bot,’ (5th series), ix. 1808, p. 368, 
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side and afterwards bending to the eamo sido, scomed to an #9 
remarkable, that we endeavoured to discover the cause, We 
imagined that at the commencement of the movement it might 
bo dotermined by one of the two halves of the lonflet being 
1 litilo heavier than the other, Therefore bits of wood were 
gummed on one side of several loatlots, but this produced no 
offoct; and thoy continued to twist in the same direction ms 


Fig. 140. 





e 
Mebdote effcinalias Ay leaf during. the daytime, Dy nneth 
leaf nleep as viewed from vertically obore ; but ie this ease he 


tes lenffet did not happen to be in such clone coatnet with the 
lateral ono, ax ix stil, 











they hat previously done, In order to discover whether the 
tame leaflet twisted permancntly in the same direction, Mack 
thremls were tied to 20 leaves, the terminal leaflets of which 
twisted so that their upper surfaces fhcod west, and 14 white 
threads to leaflets which twisted to the cast. ‘These wore ob- 
served occasionally during 14 days, and they all continued, with 
A single exception, to twist nnd bend in the sane direction; for 
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‘one leaflet, which had originally faced oust, was observed after 
9 dnyn to faco wost. ‘Tho reat of both tho twisting and bending 
movement is in the pulvinus of the sub-petioles, 

‘We believe that the leaflets, especially the two lateral ones, 
in performing the above described complicated movements 
generally bend a downwards; but wo are not sure of this, 
for, as far ux the main petiole is concerned, its nocturnal moves 
mont ix largely determined by the position which tho loaf 
happens to occupy during the day, ‘Thus one main potiole was 
‘obsurved to rise at night 59°, whilst threo others rose only 7° 
nd 9°, ‘The petioles and sub-petiolos aro continually eircam= 
nutating during the whole 24 b., as we shall presently seo. 

‘The loaves of the following 15 species, Af. officinalis, suaveolens, 
porvifiora, alba, infesta, dentata, gracitia, wuleata, elegans, eorulea, 
petitpicrreana, macrorrhiza, Halics, eecundifiora, wnd Towricn, 
sleep in nearly the same manner nx just described; but the 
bending to one side of tho terminal leaflot is apt to fail unloww 
the plants are growing vigorously. With M. petitpisrrenna and. 
secundilora the terminal lenfiet was rarely geen to bend to one 
tide, In young plants of WV, /falico it bontin the usual manner, 
but with old plants in fall flower, growing in the samo pot and 
observed at tha same hour, viz., 8.80 p.m, none of the terminal 
Toailots on several soores of leaves had bent to ono side, though 
‘they stood vertically; nor had the two lateral leaflets, though 
standing vertically, moved towards the torminal one. At 
1030 p.m, and again one hour after midnight, the terminal 
Tenilets. ad become very slightly bent to one side, and the 
lateral Jeaflute had moved a very little towards the terminal one, 
eo that the position of the leaflets evon at this late hour wae far 
from the ordinary one. Again, with AM. Tauréeo the terminal 
leatlots were never seen to bend towards either of the two lateral 
loaflets, though those, whilst becoming vertical, had bent towards 
the terminal one, The sub-petiolo of the termipal leaflet in 
this species ix of unnsual length, and if the loaflet hd bent to 
ono sido, ite upper surface could have como into contact only 
with tho spex of either latoral leaflet; and this, perhaps, is the 
aueaning of the logs of the Intaral movement. 

‘ho cotyledons donotaleop at night. Tho firet louf consists of 
a single orbicular leaflet, which twists at night so that the blade 
stands vertically. It is aremarkablo fact that with Af, Taueios, 
‘and in a omewhat less dogros with M. macrorrhisa and petit- 
plerreana, all the many small and young leaves produced during: 





habit. 
‘The ciroumnutation of « leaf of M, officinalis was traced, 
the stom being left freo; and tho apex of the terminal leaflet 


petiole of the terminal leaflet, the latter described two «mall 
ellipses between 10.80 Aat, and 2ra, At 7.15 nae, after this 
same lonflet (ax well as another) had twisted themselves into 
their vertical nocturnal position, they began to rise slowly, and 
continued to do so until 1085 ras. after which hour they wore 
no longer observed, 

‘As M, messonensis sloopa in an anomalous manner, unlike that 
of any other specios in tho genus, the circumnutation of » 
terminal leaflet, with the stem secured, was traced during two: 
days. On each morning the leaflet foll, until about neon, and 


laterally 
awe time, by two smaller ellipecs. ‘Tho rising movement then 
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recommenced, and became rapid late in the evening, when 
‘the leaflet was beginning to go to sloop. The awaking or 
sinking movement had already commenced by 6.46 A.or. on both 


amornings. 

‘Trifolium (Tribe 8).—'Tho nyctitropie movements of 11 
specios were observed, and were found to be clowly similar, If 
we seloct a leaf of 7. repens having au upright petiols, and with 
‘the threa leaflets expanded horizontally, the two Interal leatlets 
‘will bo ween in the evening to twist and approach cach other, 
‘until their upper surfaces come into contact. At the same tine 
‘they bend downwards in a plane at right angles to that of their 
formor position, until their midribs form an angle of about 45° 
with the upper part of the petiole. ‘This peculiar change of 
‘position requiros a considerable amount of torsion in the pul 
vinus, Tho terminal leatlet merely rises up without any twist- 





a 
‘Trifolivm repos: A, Vwal during the day; B, leaf axloop at wight, 


‘ing, and bends over until it rats on and forme a roof over the 
edges of the now vertical and united Iateral leaflets. Thus the 
torminal leatlot alwayx pases through an ungle of wt least 90°, 
igohtorally of 190° or 140°, and not rarely—oz was often observed 
with 1. svbterranceum—of 180°, In this latter caso the terminal 
loaflot stands at night horizontally (as in Fig. 141), with ite 
lowor surfuco fully exposed tothe zenith, Besides the difference 
in the angles, at which the terminal leaflets etand at night in 
‘the individuals of the same species, the degree to which the 
Interal leaflets approach each other often Likewise differa, 

We havo veon that the catyledons of some spocios and not of 
othors rise up vertically nt night. The first trae leaf is generally 
‘unifoliate and orbicular; it alwnys rises, and wither stands vorti- 
cally at night or moro commonly bends a little over 60 ws to expoae 
the lower surface obliqnely to the zenith, in the same manner 
ns doos the terminal leaflet of the mature leaf, But it doos not 
twist itself like the corresponding first simple leaf of Melilotus, 
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With 7, Pannoniown the first true leaf was generally unifoliate, 
‘Dut sometimes trifollate, or again partially lobed and in an 
intermediate condition, 

Circumnutation.—Sachs described in 1863* the spontaneous 
upand down moyements of the leaflets of 7. yncarnatum, when 
kept in darknoss. Pfotfor mado many observations on) the 
similar movements in 2. pratense,t He states that the terminal 
leaflet of this species, observed at different times, passed through 
angles of from 30° to 120° in the course of from 14 tod. We 
ckaorved the movements of 7. subterrancum, renpinatum, and 


repens, 
‘Trifolium subterranenm—A petiole was secured clogs to the 
base of the throe leaficts, and the movernent of tho terminal 
foailet was traced during 264 b., as shown in the figure on the 
next page. 
Botwoon 6.45 Ast, and 6 vat. the apex mored 8 tinea up 
and 3 times down, completing 3 ellipses in 11h. 15m. The 
ascending and deseonding linos stand nourer to one another 
than is usual with most planta, yot there was some lateral 
motion, At 6 rat. the great nocturnal rise commenced, and 
‘on the next morning the sinking of the leaflet was continacd 
until 280 Ao, after which hour it circamnutated in the manner 
just described, In the figure the great nocturnal rise and 
‘tho morning fall aro greatly abbreviated, from the want of 
space, and aro merely ropresonted by a ehort curved line. ‘The 
Jeuflet stood horizontally when at a point a little beneath the 
middle of tho diagram; so that during the daytime it oscillated 
almost equally above and bencath a horizontal poaition, At 
8.90 a. it stood 48° beneath the horizon, and by 11.80 aoe. it 
hind risen 50° above tho horizon; so that it passed through 98° 
in 8h. By tho nid of tho tracing wo ascertained that the 
stance travelled in the 8 hb. by the apex of this leaflet was 
1°03 inch, If wo look at the figure, and prolong upwards in 
our mind's eye the short curved broken line, which repre 
sents the nocturnal course, we seo that the latter movement is 
moroly an exaggeration or prolongation of one of the dinrnal 
cllipses. The samo leaflet had been observed on the previous 
day, nnd the coure then pursued was almoxt identically the 
same as that hero 


* + Feea! 18:9, p. 497, 
‘Die Pesiod, Bewegungen,” 1875, pp. $3, £2. 
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Trifolium resupinatum.—A plant left entirely froe wos placod 
before a north-east win- Pig. 142. 
dow, in such a position 
that o terminal leaflet 
Projected at right angles 
to the source of the light, 
the sky being uniformly tf 
clouded all day. ‘The 1 
movements of this leatlot | 
were triced during two | 
days, and on both were | 
clossly similar, Those 
exoouted on the second 
day sre shown’ in Fig. 
M3. ‘The obliquity of 
tho several lines is due 
partly to the manner in 
which the leaflet was 
viewed, and partly to its 
having moved w little to- F 
wards the light. From / 
TAO vat to 840 An, the 
leaflet fell, that is, the 
awakening movornent was 
continued. It then rose 
and moved a little Inte- 
rally towards tho light. 
At 12.30 it retrograded, 
and at 2.50 resumed ite 
original course, having 
thus comploted small 
ellipse daring the middle 
of the day. In tho evon- 
ing it rons rapidly, and 
by 8 ase on the following Va 
moming bad returned to 
exactly the some spot as 
on the previous morning. 

‘The line representing tho 
nocturnal course ought 
to be extended much 
higher up, and is boro 
abbreviated into a short, 









cal glass, 





‘acala.. Plant illuminated from above ; tem). 


leaf 8 inchos from th 

















chrowmavtation and nyetiteopic movement of ter 


ly ath to 15 ast, Sth. 


Trifeliaan avibterromeven : 
CAS at. Jol 
mingnified 5 times, reduced to om 
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curved, broken ine, ‘The terminal leatlot, therofore, of this 

species described during the daytime ouly w single additional 

ellipsa, instend of two ade 

Fig 43. ditional ones, os in the 

case of 7, sublerraveum. 

Bat we should remember 

| tnt it was shown inthe 

fourth chapter that the 

| stem circumnutates, ax no 

doubt does the main petiole 

lw JF aovk the wab-poticles; 0 

ak that the movement repre 

j eonted in fig. 1M3 is a com- 

Ps pounded one. Wo tried 

to observe the movements: 

Na of a loaf kept during the 

ae day in darkness, but it 
— 

tum: cirevmautation bowen to yo to sleep aller 

‘and nyrsitropic movements of the tere 2 be 16 m., and this was 

rotoal leaflet during 24 hours, well pronounced after 4 hy 

20 m. 





Trifolium repens —A stom was securvd close to the base af 
a moderately old Jeaf, and the movement of the terminal leaflet 
was obsorved during two dayx This cao. ix interesting solely 
from the simplicity of the movements, in contrast with those of 
the two preceding species, On the first day the leaflet fell 
between § am. and 3 yt, and on the second between 7 am. 
and 1 vat. On both days the dosoonding course Was somewhat 
gigrag, and this ovidently represcnts the circumnutating move- 
mont of the two previous species during the middle of the day. 
Aftor L paw., Oct. Let (Big. 144), tho loutlet began to riso, but 
the movement was slow on both days, both beforo and after 
this hour, until4d ra. The mapid evening and nocturnal rise 
then commenced, ‘Thus in this species the course during 24h. 
consists of 0 single great ellipse; in 7. resupinatum of two 
ellipses, one of which includes the nocturnal movement and is 
mach elongated; and in 7, aublerranevm of throe ollipies, of- 
which the nocturnal one is likewise of great longth, 
coroniila (Tribe 4).—The leaflets, which stand 
‘pposite one another and are numerous, riso up at night, como 
into clos contact, nnd bend backwards at a moderate angle 
towards the tase of the petiole, 
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Lotus (Tribe 4),—The nyctitropie movements of 10 species 
in this genus were observed, and found to bo tho samo, ‘Tho 


ronin petiole rises w little at night, and 
the three leaflets rise till they become 
vertical, and at the same time approach 
each other, This was conspicuous with 
L, Jacobeus, in which the leaflets aro 
almost linear, In most of the species 
the leaflets rise so much us to press 
against the stern, and not rarely they 
become inclined « little inwards with 
their lower surfaces exposed obliquely 
to tho zenith, This was clearly the 
case with Z. major, aa its petioles are 
‘unusually long, und the leaflets are thus 
enabled to bend further inwards, The 
young Icaves on tho summits of the 
‘stems clos up at night so xoueh, as 
often to resemble large buds. Tho 
utipulo-like leaflets, which are often of 
large size, rise up like the other leaflets, 
and pros against the stem (Pig. 145). 
All the leaflets of Z, Gebeli, and pro- 
bably of the other species, are provided 
at their basos with distinct pulvini, of 
a yellowish colour, and formed of very 
sinall cells, ‘The circummutation of a 
terminal leaflet of L, porigrinus (with 
tho stom scoured) was traced during 
two days, but the movement was so 
aimplo that it is not worth while to 
give the diagram, The lwaflot foll 
slowly from the early morning till 
about 1 em. Tt then rose gradually 
‘at first, but rapidly late in the ovening. 


Ply, 144, 


y 


Sept, Hoth to # 4.6. Oot. 
Jat” Nootumal cour: 
represented by. ouree 
‘urokea line, much abs 
brevinted. 


It occasionally stood still for about 20 m. during the day, and 
wometimes zigzagged a little. Tho movement of one of the 
basal, stipule-like Joaflote was likewise traced in the same 
manner and at the same time, and its course was closely similar 


to that of the terminal leaflet. 


In Tribe 5 of Bentham and Hooker, the #leep-movements 
of species in 12 genera have beon observed by ourselves and 


24 
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others, but only in Robinia with any caro, orulex owes 
raises its throo leaflets at night; whilst Amorpha frutiowa,* 
Dalea alopecurvides, und Indigeferw tnctoria depress them. 
Duchartre ¢ statos that Tephravia earth is tho sole exempite 
of“ folioles couchdes lo long du petiole ot vors la baso;” buts 


Fig. Mh, 





BR 


Hotes Cretious: A, steen with beaver awake during the day ; B, with leaves 
aulleep at night, S$, atipule-liko leadets. 


ximilar movement occurs, as wo havo already econ, and shall 
again soe in other cases, Wistaria Sinensis, according to 
Royer,t “atalzse tes foljoles qui par une disposition bignrre 
sont inclinées dans ta mémo feuille, les eupéricures yor Io 


* Ducharie, + Fldwwnts de — f+ Ann. des Sciences Net. 
Botaniqve,’ 1887, p. S414, Bot." Gth series), ix. 1868. 
+ Tide p37, 
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sommot, lox inférloures: lei bane as pera commun ;" but 
‘tho leatlets on @ young plant ot by us in the green- 
house merely sunk vertically downwards at night, The leaflets 
are taised in Spharophysa salsola, Colutea arborea, and Astra 
galus uliyinoms, but aro depressed, according to Linnawus, in 
Gilyoyrrhics. The leailots of Robinia likewise sink 
vortically down at night, but the petioles rise a little, viz, in 
ono caso 3°, and in another 4°, ‘The cireamnntating moye- 
ments of @ terminal leaflct on a rather old leaf were traced 
daring two days, and were simple, The leaflet fell slowly, in a 
alightly zigzag line, from 8 Am. to 6 vat, and thon moro 
rapidly; by 7 4.x. on the following morning it had risen to its 
diurnal position. ‘Thoro was only ona poculiarity in the movo- 
ment, namoly, that on both days there waa a distinct though 
mall oscillation up and down between &30 and 10 ast, and 
this would probably have bean more strongly pronounced if 
the Joaf had been younger. 

Coronitla rosa (Tribe 6).—The leaves bear 9 or 10 pairs of 
opposite Ieaflota, which during the day stand horizontally, with 


Fig. 146. 





Coranitla roweas loaf asleop, 


their midribs at right angles to the petiole. At night they rise 
up, 80 that the opposite leaflets come nearly into contact, and 
those on the younger leaves into close contact. At the same 
‘time thoy bend back towards the base of the petiole, until their 
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jrudios ; but, from standing further apart, they do not overlap 
‘one another nearly so much as in this latter plant. ‘The main 
petiole is curved slightly downwards during the day, but 
straightens itself at night. In three cases it rose from 3° above 
‘the horizon at noon, to 9° at 10 v.at.; from 11° to 33°; and from 
& to 33°—the amount of angular movement in this latter case 
amounting to 28°. In several other species of Coronilla the 
Joatlots showed only feeble movements of a similar kind. 

Hedyrarum coronarium (Tribe 6).—The emalt iatoral Teatlots 
‘on plants growing out of doors Tove up vetiily a4 ab 
the lange terminal one became only modarutely inclined. 
petioles apparently did not riso at all. 

Smithia Pfundit (Tribe 6).—The leaflets rise up vertically, 
and the main petiole also rises considerably. 

Arachis hypegan (‘Tribe 6)—The shape of a leaf, with its two 
pairs of leaflets, is bhown at A (Pig. 147); and & loaf aslewp, 


Figs 147. 





seek Aperess A, lonf during the day, seon from vertieally aboves By 
teat ‘torn laterally; copied from a photogesph. Figures much 
aceasta 


traced from a photograph (made by the aid of aluminium 
light), is given at B, The two terminal leaflcts twist round at 
night vntil thelr blades stand vertically, and approach each 
other until they meet, at the sane time moving a little mpwands 
and backwards TEN ie tate ieee ae 
‘ame manner, but move to a groster extent forwards, that fs, 

Sanicaes Sinsitan ia tao teutnal ttag nae ae 
yartially embrace, ‘Thus all fonr leaflots form togethor a single 
yackot, with their edges directed to the zenith, and with their 
Jownr surfaces turned outwarda. On a plant which was not 
growing vigorously the closed leaflets seemed too heary for the 
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petioles to support them in a vertical position, eo that exch 
Pigss ia sadn petiols Dacan ty laden alte peel rica 
extended horizontally, with the lower surfaces of the leaflets on 
one side directed to the zenith i a most anomalous manner. 
‘This fact is montionod solely as a caution, as it surprised ws 
greatly, until we discovered that it was an anomaly. ‘The 
potiolea are inclined upwards during the day, but sink at night, 
80 as to stand at about ight angles with the stem, ‘The arount 
of sinking was measured only an ue occasion, nnd found to be 
89°, A petiole was secured to a stick at the base of tho two 
terminal leaflets, and the cireummututing movement of one of 
‘these leaflets was traced from 6.40 a.m. to 10.40 eat, the plant 
beingilluminated fromabove, The temperature was 17°—174" O,, 
and therefore rather toolow. During the 16 h. the leaflet moved 
thrice up and thrice down, and as the ascending and descend= 
ing lines did not caincide, threo ellipses were formed. 
Desmodium gyrans (‘Tribo 6),—A large and full-grown leaf of 
‘thix plant, so famous for the »pontansous 
movements of the two little lntoral leaflots, ‘Fig. 148. 


terminal 
down, whilst tho petiole rises up. ‘The eoty- 
Jedons do not sleop, but the first-formed leat 
ny equally well as the older ones, ‘The 

appearance presented by # sleeping branch | 
and one in the day-time, copied from two 
photographs, are shown at A and B (Fig. { 
149), and wo #90 how at night the leaves are 
crowded together, as if for mutual pro- 
tootion, by the rising of the petioles, ‘The 
potiolos of tho younger loaves near the sum- 
imits of the shoots rise up at night, #0 as to 
stand vertical and parallel to the stem ; 
‘whilst those on the sides ware 7 “a ro 
canos to have risen respectival i 2 “Tabacdiees, 
20%, and 19°5° above the inclined positions ~ "Tear ‘wen! trom 
which they had oceupied during the day. above, reduoed 
For instance, in tho firat of these four casos ane-alf nae 
the petiole stood in the day at 28°, and at jinute stipules 
night at 694° bore the horizon, Tn the  uausually large. 
evening tho rising of the petioles is almost 
completed before the leaflets sink perpeudicularly dowawards. 
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Circummutation.—The citeumnutating movements of four 
young xhoots were observed during Sh. 18m. ; and in thix time 
‘each cornploted an oval figure of small size, Tho main 
also circumnutates rapidly, for in the course of Slim. (temp, 
91°F.) it changed its course by ax much ss @ rectangle «ix timos, 
doseribing o figure which apparently represented two ellipaes, 


Fig. 149, 





he 


Desmodinm gyrans: A. stom daring the day ; Dy ater with lexves saleep, 
Copied from « photograph ; fguree reduced. 


‘The movement of the terminal leaflet by means of its sub 
potiole or pulvinus is quite as rapid, or even more #0, then that 
of the main petiolo, and has much greater amplitude, Pfeffer 
has teen® these leaflets move through un angle of §* in the 
course of from 10 to 30 seconds, 

A fine, nearly full-grown Jeaf op a young plant, 8 inches in 
height, with the stem secured to « stick at the base of the leaf, 
was observed from 8.30 4. June 22nd to 8 a. June Qith. 


* “Die Peal, Bowes. p. 35. 
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dingram given on the next page (Fig. 1) the two 
suzred brokon lines ak tho Daa which repaeaach the nocturnal 
courses, cught to be prolonged far downwards. On the first 
day the leaflet moved thrice down and thrice up, and to n con- 
siderable distance laterally; the course was also rei 
crooked. The dota were generally made every hour; if they 
had bean made every fow minutes all the lines would have boon 
wtigeng to an extraordinary dogree, with here and there a loop 
formed. We may infer that this would have been the ense, 
Decwuse five dota wore made in tho courso of 81m. (betwoen 
1234 and 1.5r.1.), and wo sce in the upper part of the diagram 
how crooked the coarse here is; if only the first and last dots 
‘had been joined we should Dera heiis siulght lint 93 mt 
the sme fact may be soon in the lines repreeenting the 
between 224 ra. and Sras, when six intermediate eae 
mado; and aguin at 4.46 and 4.50. But the result was widely 
diffrent after Gr.at,—that is, after the groat- nocturnal descent 
hol commoaced; for though nine dots were then made in the 
coarse of 82m., when these were joined (eco Figure) the lino thns 
formod was almost straight, The leaflets, tharefore, begin to 
doscund in the afternoon by aigzag lines, but as soon as the 
diacent becomes rapid their whole energy is expended in thus 
moving, and their course becomes rectilinear. After the leaflets 
am completely asleep they move very little or not at all. 

Had the above plant been subjected to a higher tompernture 
than 67°—70° F,, the movements of the torminal leaflet would 
poolwbly have been even more rapid and wider in extent than 
thoso shown in the diagram ; for a plant was kept for some time 
ia the hot-houre at from 92°—98° F.,, and in the course of 85 m. 
the apex ofa leaflet twice desconded and once ascended, travelling 
over & space of 12 inch in a vertical direction and of °82 inch in 
«@ horizontal direetion. Whilst thus moving the leaflet also 
rotated on its own axis (and this was a point to which no atten 
tion had boon before paid), for the plane of the blado differed by 
41° after an intorval of only a fow minutes, Occasionally tho 
leaflet stood still for a short time, ‘There was no jerking move- 
mont, whieh is so characteristic of the little lateral leafleta, A. 


‘water at 95° F., which was slowly raised to 108° F, and aftor= 
wards allowed to sink to 70° F., and the eub-petiole of the ter= 
minal leaflet then curred downwards, ‘The water was afterwards 
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‘tained to 120° F., and tho sub-petiole straightened itself. Similar 
exporiments with leaves in water were twice repeated, with 
nearly the same resalt, It should be added, that water raised 
to even 122° F. does not soon kill a Toaf. A plant was placed 
in darkness at 887 a.m, and at 27M. (Le, after 6b, 28m.), though 
‘the loatlets had sunk considerably, they had by no means ac- 
‘quired their nocturnal vertically dependent position. Pfeffer, on 
‘the other hand, mys * that ‘ds ocourred with Bim {a from 9 
to2h.; porliaps tho difference in our resulta may be duo to 
the plant on which we cxporimonted being @ very young and 
vigorous seedling. 

The Movements of the little Lateral Leaflet —These have been #0 
‘often described, that we will ondeavour to be ax bricf as possible 
in giving a fow new facts and conclusions ‘Tho leaflets somo- 
‘times quickly change their position by as much as nearly 180°; 
and their aub-petioles can then be een to become greatly curved. 
‘They rotate on their own axes, so that thelr upper xarfaces ure 
directed to all points of the compass, ‘The figure described by 
tho apex is an irregular oval or ellipse, They sometimes re- 
amain stationary fora period. Tn thew severn] respects there is 
“no difference, excopt in rpiility and extent, betwoon their move- 
ments and the lesser ones performed by the large terminal 
leaflet whilst making its great oscillation, The movements of 
‘tho little leaflets wre much influenced, as is well known, by 
temperature. ‘This was clearly shown by immersing leaves with 
motionless leaflets in cold water, which wax xlowly mixed to 
108" F,, and the leaflete then moved quickly, describing about « 
dozen little irregular circles in 40m, By this time the water 
had become much cooler, and the movements: became slower or 
almost consod; it was thon raised to 100° ¥., und tho leaflote 
again began to move quickly. On another occasion a tuft of 
fine leaves was immersed in water at 68° F., and the leaflets 
‘Were of course motionless, ‘The water was raikod to 99°, and 
tho leaflots soon hegnn to move; it was mised to 105°, and the 
movements became much more rapid; each little circle or oval 
being completed in from 1m. 308 to 1m. 45a, There was, 
however, no jerking, and this fact may perhaps be attributed to 
‘the resistance of the water. 

Sacha states that the leaflet do not move until tho surround 
ing air is os high as T1°—72° F., and this agrees with oar 





* ' Die Period, Bowog,,’ p. 39. 
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experience on full-grown, or nearly full-grown, plants But the 

(Sap ation lee ny inmate ete 
pare asporasaree, Ascodling was kopt (April 16th) in ® room 
half the day where the temperature was steady at 64° P., 

mai the one leaflet which it bore was continually jerking, but 


62° ‘during nearly the wholo night; at 10.and Ira. and at 
1 A.st. tho loaflet was still jerking rapidly; at 8.90 4x, it was not 
cen to jerk, but was observed during only a short time. It was, 
however, now inclined ot a much lower angle than thet oceupied 
atlas. At 6.30 a. (temp, 61° F,) its inclination was still 
Jess than bolore, and again lees ab 645 sat; by 740A... it had 
risen, and at 8.80 Af, was again seen to jerk, ‘This leaflet, 
‘therefore, wae moving during the whole night, and the movo- 
ment was by jerks up to 1 aot. (and possibly later) and again at 
8.804m., though the temperature was only Gl’ to 62°F. We 


the 
(see former Pig. 148) must be considered as almost mde 


pression may be used; for they certainly do not sleep like the 
full-sized terminal leaflets, It is, however, possible the 
sinking down of the leaflets between 1 4.¥. and 645 As, a8 
above deseribed, may represent sleep. bry sier 
the Jeatlet go. on jorking during the early part of the night; 
but my ganlonor cecrvod (Oct. 18th) a plant in the hot-houss 
between 5 and 6304.0, the tempersture having been kept up 
to 82° F., and found that all the leaflets were inclined, but he 
saw no jorking movement until 6.55 as, by which time the 
terminal leaflet had risen and was awake, Two days after 
wards (Oct. 15th) the same plant was observed by him at 
447 sat. (temp. 77° F.), and ho found that the lange terminal 
leaflets worw awake, though not quite horizontal; and the only 
canse which we could assign for this anomalous wakefulness wag 
that the plant had been kopt for experimental purposes during 


a. 
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‘the previous day at an mousnally high temporatnre; 
lateral leaflots wero aleo jerking at this hour, but 
there was any connection between this latter fact and 
horizontal position of the terminal leaflota we do 
Ap cern ah ar eat do mis 
the terminal leaflets; and in so far they may 

LS ape ore epee 
condition in relation to irritability; for if a 
or syringed, the terminal leaflets sink down 
neath the horizon; bat we could never detect any effet 
produced on the lateral lenfleta; yet wo oro not prepared 
ussert ponitively that rubbing or pricking the pulvinus 
‘no etfect. 

Asin the eae of most rudimentary organs, the leaflets are 


22 


if 
S ee 
reereecelet 


froquently absent, This slows appecred eee 
all the cases, to be due to the leaflet having become 

confluent with the main petiole, as might bo inforred from tbo 
presence of a slight ridge along ita upper margin, and from the 
course of the vessels, Tn oue instance there was a vestige of 
the Jeadet, in the shape of a minute point, at the further end of the 
ridgo. The frequent, eaddon, and complete disappearance of one 
or both of the rudimentary leaflets is a rather singular fact; but 
it ix 6 much more surprising ono that the leaves which mre first 
dovoloped on scedling plants axe not pwovided with them. ‘Thus, 
on one seedling the seventh leaf above the cotyledons was the 
first which bor any lateral leatlets, and then only a xingla one. 
On another weedling, the eleventh leaf firet bore a leaflet; of the 
nine ing leaves five bore o single Interal leaflet, and 
four bore none at all; mt last a leaf, the twenty-first above the 
cotylodona, was provided with two rudimontary latoral loaflots, 
From a widespresd analogy in the animal kingdom, it might 
have been expected that thes rudimentary leaflets would have 
been bettar developed and more regularly prosent on very young 
than on older plants, But bearing in mind, firstly, that long~ 
lost characters rometimer reappear late in life, and socondly, 
that the species of Desmodium are generally trifoliate, but that 
some aro unifoliate, the suspicion arises that D. gyrans is 
descended from a unifolinte xpecics, und that this was descended 
from a trifoliate one; for in this caso both the abwonea of tho 
Wittle lateral leaflets on very young seedlings, and their sub- 
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‘sequent appearance, may be attributed to reversion to more or 
lowe dis = 


No one supposes that the rapid movements of the Interal 
leaflets of D. gyrans are of any use to the plant; and why 
thoy should behnve in this manner is quite unknown. We 
imagined that their power of movement might stand in some 
mlation with thelr rudimentary condition, and therefore ob- 
sarved the almost rudimentary leaflets of Mimosa albida vel 
sensitiva (of which a drawing will hereafter be given, Fig. 169); 
but they exhibited no extracrdinary movements, and at night 
thoy wont to sloop like the full-sized loatlota, ‘Thoro ia, hows 
‘over, this remarkable difference in the two cases; in Desmo- 


reduced in length, in correspondence with the reduction of tho 
blade, to the same extent as hna occurred inthe Mimosa; and it 
is on tho longth and degroe of curvature of the palvinus that the 
amount of movement of the blade depends, ‘Thus, the average 
length of the pulvinus in the large terminal Jeaflets of Deamo- 
dium is 8mm., whilst that of the rudimentary leaflets ix 286 mm.; 
vo that thoy differ only a little in longth. But in diamotor they 
differ much, np het atelier cere 
O°8 mm, to O-4 mm; whilst that of the terminal leaflets ix 
1-33 mm. If we now turn to the Mimom, wo find that the 
overage length of the pulvinua of the almost rudimentary 
Teaflots is only 0466 mm., or rather more than # quarter of the 
length of the pulvinus of tho full-eized leaflets, namely, 1°66 mm. 
In this small reduction in length of the pulvinus of the rudi- 
mentary leaflets of Desmodium, we apparently have the proxi= 
mato canso of their groat and rapid cirenmnutating movement, 
in contrast with that of tho almost rudimentary leaflets of the 
Mimowa. ‘The small size and weight of the blade, and the Little 
reaietance opposed by the air to ite movement, no doubtalvo come 
into play; for we have seen that these leaflets if inumersed in 
‘wnter, when the resistance would be much greater, were pro~ 
‘yontod from jerking forwards. Why, during the reduction of 
the lateral leaflets of Desmodium, or during their reappearance 
—if they owe their origin to reversion—the palvinus should 
ave beon #0 much lees affected than the blade, whilst with the 


* Desmodium wenpertiiionts im rudimentars lateral ioatiete, Da- 
closely allied to D. ant ‘imrtre,* Hidinonts da Botantyue, 
Si score cxly occaulobally vo tear 1867, pr 35% 
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Mimom the pulvinus has been greatly reduced, we do not 
know. Nevertheless, it deserves notico that the reduction of 
the leatlots in thean two genera has apparently boon effected by 
a different process and for a different end; for with the Mimoms 
the reduction of the inner and tas leaflets was necessary from 
the want of space; but no snoh necessity oxiste with Domo 
dium, and the reduction of its lnteral leaflets seems to have 
been dua to the principle of compensation, in consequence of 
the great sizo of the terminal leatlet, 

Craria (Tribe 6) and Centrowma (Tribe 8)—The leaflets of 
Cvaria layopus ond the leaves of a Centrosemn from Brazil 
both sink vortieally down at night. In the latter plant the 
patiole at the same time rone 16}°, 

Amphicarpaa monoiea (‘Tribe 8)—Tho leaflets sink down ver= 
tically at night, and tho petioles likewise fall considerably, 


Fig. 151. 





Amphicarpara monica : sircamnutation and agctitropic movement of leaf 
during 48 hy tts tpex 9 lchos from tha cece game Figure redacad 
to anethird of original sale, Plant umlnated from above; amp, 


174-184" C. 


A petiole, which was carefully obsorved, stood during the day 
25° ubove the horizon anil at night 82° below it; it therefore 
fell 57°. A filament was fixed transversely across the terminal 
leaflet of a fine young leaf (2} inches in longth including the 
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petiole), and the movement of the whole leaf wna traced on a 
vortioal glass, ‘This was a bad plan in some respects, because 
the rotation of the leaflet, independently of its rising or falling, 
raisod and depressed the filament; but [t was the best plan for 
our special purpose of obeerting whethor the leaf moved much 
after it hud gone to sleep, ‘The plant liad twined closely round 
@ thin stick, so that the circurmnutation of the stem was pro 
vented. ‘The movement of the leaf was traced during 48 h., 
from 9 a.m. July 10th to 9 a.m July 12th. In the figuns given 
(Fig. 151) wo soe how complicated ite course wes on both days: 
during the second day it changed ite courne greatly 19 times, 
‘The leaflets began to go to asleep a little after 6 v.01, and by 
7.15 vst. hung vertically down and wero completely aslesp; 
bat on both nights they continued to move from 715 wat, 
to 10.40 and 10.50 vm,, quite as much as during the day; and 
‘this was tho point which we wished to ascertain. Wo seo in 
‘the figure that tho great sinking movernont late in the evening 
does not differ essentially from the circumuutation during 
‘tho day. 

Glycine hispida (Tribe B).—Tho three leaflets sink vertically 
down at night. 

Erythrina (Tribe 8).—Five species wore observed, and the 
leaflets of all sank vertically down at night; with & caffra and 
with a second unnamed species, the petioles at the same time 
roe slightly. ‘The movements of the terminal leallet of &. erista~ 
golt (with the main petiole eecured to a atick) were traced 
from 640 s., June Sth, to 8 Ast on the 10th. Tn order to 
observe the nyctitropic movements of thik plant, it ix necossary 
that it should have grown in » warm groonhouse, for out of 
doors in our climate it does not sleep. We see in the tracing 
(Fig. 152) that the loatlet oscillated twico up and down between 
early moroing and noon; it then fell greatly, afterwards rising: 
til 3 ya. At this latier hour the great nocturnal fall com= 
mencod. On the second day (of which the tracing is not given) 
there was exactly the enmo double cecillation before noon, but 
only a very small one in the afterncon. On the third morning 
the leaflet moved laterally, which wus due to its beginning to 
assume an oblique position, as secma invariably to occur with 
the leaflets of thix species as they grow old. On both nights after 
the leatlota wore asloop and hung vertically down, they continaed 
to move a little both up and down, and from side to sido, 

Erythrina core —A filament was fixed transversely across: 
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a terminal leaflet, as we wished 
to observe its movements when 
asleep. The plant was placod 
in the morning of June 10th 
under a skylight, where the 
Light was not bright; and wo 
do not know whether it was 
‘owing to thix eause or to the 
plant having boon disturbed, 
but the leaflet hung vortically 
down all day; nevertheless it 
cireumnutated in this posi- 
tion, desoribing a figure which 
represented two irregular ol 

‘On tho noxt day it 
elroummutated in a greater 
degrev, describing four irre- 
gular ellipses, and by 8 Pat. 
had risen into a horizontal po- 
sition, By 7.16 east. ib wos 
asleep and vertically depen- 
dent, bat continued to cireum= 
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Fig. 133, 
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Apion tuberow (Tribe $).—'The leaflets sink vertically down 
at night. 


Phaseolus vulgaris (Tribe 8).—The leaflets likewise sink vertl- 
cally down nt night. In the greenhouse the petiole of a young 
loaf roso 16°, and that of an older leaf 10° at night. With 
plants xrowing out of doora the leaflets apparently do not sleep 
‘until somewhat late in the season, for on the nights of Joly 11th 
‘ond 12th none of them were asleep; whereas on the night of 
August 15th the same plants had most of their leaflets verti- 
cally depondent and asleep. With Ph. caracalla and Aernan= 
desii, tho primary unifoliato leaves and the leatlets of the 
secondary trifoliate leaves sink vertically down at night, ‘This 
holds good with the secondary trifolinte leaves of Ph. Rom 
turghii, but it is remarkable that the primary unifolinte leaves, 

which are much elongated, rise at night from about 20° to 
wbout 60° above the horizon, With older seedlings, however, 
haying the secondary leaves just developed, th primary leaves 
stand in the middle of the day horizontally, or are deflected 
‘& little beneath the horizon, Tn one such caso tho primary 
loaves rote from 26° beneath tho horizon at noon, to 20° abowe 
it at 10 vt.; whilst at this same hour the leaflets of the 
socondary leaves were vertically dependent. Hay, then, we 
havo tho extraordinary caso of the primary and secondary 
Jeaves on the same plant moving at the same timo in opposite 
directions, 

We have now seen that the leaflets in the six genera of Pha- 
soles observed by us (with the exception of the primary leaves 
of Phaseolus Kexkurghéi) all sleep in the same manner, namely, 
by sinking vertically down, ‘The movoments of the petioles 
wero observed in only threo of these genera They rose in 
Centrosema and Phaseclas, and sunk in A: 


Cocsalpinia, Hamatoryton, Gleditechia, Peinciana.—The leaflets 
of two species of Ceosalpinia (Trite 13) roso at might, With 
Homaturylon Camprchianum (Tribe 18) the leaflets move. 


btn (Fig. 153). The petiole sinks w little. In Gleditschia, if 
wo understand correctly Duchartro’s description, and im Poie- 
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ciana Gilliesii (both belonging to Tribe 19), the leaves behave 
in the same manner. 
Fig. 253, 





Bamstoxylon Campeckias ‘A, branch dori asian B, branch with 
Teaver sleep, edoced te tworthinds ef sstural wale. 


Cassia (Tribe 14)—The nyctitropic movements of the leaves 
in many species in thin genns are closely alike, and are highly 
complex. ‘They were first briefly desoribed by Linnmns, and since 

Duchartre. aT 


obsorved. ‘The horizontally extended loaflets sink down verts 
cally at night; bat not simply, as in so many other genera, for 
tach leaflet rolates on itt own axis, so that its lower surface 
faces outwards. The upper surfaces of the opposite leaflets are 
thus brought into contact with one another beneath the petiole, 
and are well protected (Fig. 154). The rotation and other move- 
monte aro effected by means of a well-developed puivinus at the 
base of each leaflet, as conld be plainly eean when a 

narrow black line hud been painted along it during the day. 
‘The two terminal leaflets in the daytime include rather less than 
a right angle; but their divergence increases greatly whilst they 


* Lam foftamed by. Mr. to G,lmeiats, Tt ismo doubt 
wat sr Hein Mas at cnt 


ag Lindley ¢ lit Meg,’ Bah 1429) 
todas bunt) 56's lytrid rab iy as C. Herbert, 
France, and 
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sink downwards and rotate, so that they stand Jaterallyat night, 
as may be sven in the fare, Moreover, they moye somewhat 
backwards, so ax to point towards the base of the petiole. 


Fig. 154, 





Cassia sorywiboue A, plant during day; B, anme plant at might, 
Both Ryden expbed ew ghitograpie, 


Tn one instanco we found that the midrib of a torminal 
leallet formed at night an anglo of 36°, with a Une dropped 


a 
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perpendicularly from the end of the petiole. ‘The second pair 
of Jenfleta likewise moves a little backwards, bnt lows than the 
terminal pair; and the third pair moves vertically downwards, 
or even a little forwards, Thus all the leaflets, in those species 
which bear only 8 of 4 pairs, tond to form # xingla packet, with 
their uppor wurfaces in contact, and their lower surfaces turned: 
outwards, Lastly, the main petiole rises at night, but with 
Jeavea of differont ages to very different degrons, namely, same 
rose through an anglo of only 12°, and othors as simeh as 41°, 

Cassia catliantha.—Tho loaves boar a largo number of leaflets, 
which move at night in nearly the sume manner as fost 
osoribod; but the petioles apparently do not rise, and one 
which was carefully observed certainly foll 3°, 

Cassia pubescens, —'Tho chief difference in the nyetitropic 


Fig. 165, 





a cate 
species, consists in the leaflets not rotating nearly so much; 
232 
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therefore their lower surfaces face but little outwards at night. 
‘The potiolos, which during the day are inelinod only a little 
above the horizon, riso at night ina remarkable mannor, and 
siand nearly or quite vertically. This, together with the 
dependent position of the lenflets, makes the whole plant won 
dorfully compact at night. In the two foregoing figures, copied 
from photographs, the same plant is rupresented awake and 
asleep (Fig. 155), and we see how different is ite appearnoe, 

Cassia mimooide.—At night the numerous leaflets on cach 
leaf rotate on their axes, and their tips move towards the apex 
of the leaf; they thus become imbricated with their lower 
suriaces diroctod upwards, and with their midribe almost 
parallel to the petiole, Consequently, this species differs from 
all tho others seen by tx, with the exception of the following 
ono, in tho leaflets not kinking down at night. A petiole, tho 
movement of which was measured, rose 8° at night, 

Cassia Barclayons.—The leaflets of this Australian species are 

jumoroUus, very narrow, andalmont linoar, At night thoy riso up 
alitdle, and alse move towards the apex of the leaf, For instance, 
two opposite leatlets which diverged from one another during 
the day at an angie of 104°, diverged at night only 72°; so that 
pases ie abl ee position, The petiole of a 
oung leaf rose at night 84°, and that of an older leaf 19°, 
Dwing to the slight movement ‘of the leaflets and the consider+ 
able movement of the petiole, the bush presents a different 
appearance at night to what it doos by day; yot the leaves cam 
hardly be said to sleep. 

‘The circumnutating movements of the leaves of C. florddunda, 
calliontha, and pubeers were observed, each during throe or four 
aya; they wore essentially alike, those of the last-named species 
being the simplest, ‘The petiole of C. foridunds was secured 10 
w stick at the bose of tho two terminal loaflots, and a filament 
was fixed along the midrib of one of them. Its movements were 
traced from Tra. on August 18th to 890 ast 17th; bat those 
during the last 2h. aro alone given in Fig. 156 From $ Ae. on 
cach day (by which hour the leaf had assumed its diurnal posi- 
tion) to 2 or 3 rx, it elthor zigzagged or cirenmnutated over 
nearly tho samo amall space; at between 2 and 3x2 the great 
evening fall commenced, The lines representing this fall and 
the early morning rise are oblique, owing to the peculiar manner 
in which the leaflets sloop, as already decribed. After the 
Jeaflot was ssloop at 6 26, and whilst the glase filament hung 
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perpendicularly down, the movement of ffs apex was traced 
until 10.30 vat; and during this whole time it swayed from 
tide to wide, completing more than one ellipse, 

Bauhinia (Tribe 15).— Fig. 156 
‘The nyctitropie movements 
of four species were alike, 
and were highly peculiar. 
A plant rained from seed 
gent us from South Brazil 
by Fritz Miller, was more 
capocially observed, ‘The 
Teaves aro large and deoply 
notched at thelr ends, At 
night the two halves rise 
up and closo completely 
together, like the opposite 
Joatlots of many Legumi- 
nowe, With very young 
plants the petioles rise cone 
siderably at tho same timo; 
one, which was inclined at 
noon 45° above the hori~ 
zon, at night stood at 75°; 
it thus rose 30°; another 
‘Toso 34°. Whilat the two 
halves of tho leaf aro cloaing, 
the midrib at first sinks j 
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along one Kide 
upwardly inclined petiole; 
‘the midrib being thus di- f 4 
rected towards the stem or — / 
axisof tho plant, Thoangle — / 
which the midrib formed A 
with the horizon was men ¥ 
sured in one caso at dif- 

ferent hours: at noon it stood horizontally; Inte in the 
ing it depended vertically; thon roso to the 
at 10.15 rat. stood at only 27° beneath the horizon, 
directed towanls the stem. It had thus travelled through 153°. 


pie ta tie 20 
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reece | 
tho patioles rising, the wholo plant is as much more at 
night than during the day, as a fastiginte Lombardy poplar is 
compared with any other species of poplar. It is remarkable 
that when our plants had grown a little older, viz,, toa height 

of 2 or 8 feet, the petioles did not riso ab night, and the midribs 

of the folded Ienves were no longer bent ak ene 

‘tho patiole. Wo havo notieed in some other genera that the 
potion of ery young plants slop mnaoh snore ek ehh tam del 
those of older plants. 

Tamarindus Indica (Tribo 16).—The leaflets approach or 
moot each other at night, and are all directed towards the apex 
of the leaf. They thus become imbricated with thelr midribe 
parallel to the petiola ‘The movoment ie closely similar to 
that of Hmmatoxylon (sce former Fig, 153), but moro striking 
from the greater number of the leafleta, 

Ailenanthera, Prosopis, and Neptunia (Lribo 20)—With Ade 
nanthera pavonia tho loaflota turn edgoways and sink at night, 
In Prowpis they tarn upwards. With Toca loa 
Joaflots on the opposite sidos of the same pinna come into 
contact at night and are directed forwards, The pinum them- 
selves move downwards, and at the same time backwards or 
‘towards tho atem of tho plant. ‘The main petiole rinom 

Mimoue putica (Tribe 20)—This plant has been the subject of 
innumernble observations ; but there are some paints in rela- | 
tion to our subject which have not been i attended 
to, Avnight, as is well known, the opposite leaflets come into 
contact and point towards the apex af the leaf; Cs eae 
come neatly imbrivated with tholr uppor surfaces 
four pinnae also approach cach other closely, tho who let 
is thua rendered vory compact. Tals Pate down- 


be compounded of the movements of four soparate parts. 
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A filament hnd been fixed on the protious evening, longi 
tmdinally to the main petiolo of a nearly full-grown, highly- 
eonsitive loaf (four inchos in length), the stem having boon 
wecured ton stick at its base; and a tracing was made on a 
vortical glass in the hot-houss under a high temperature. In 
tho figure givon (Fig. 157), tho 
first dot was made at 8.30 a.x Fig. 15%, 
August 2nd, and the last at 7 
facon the 8rd, During 12h.on 
the first day the petiole moved. 
thrice downwanks and twice 
npwards. Within the game 
length of time on the necond %7"#™ 
day, it moved five times downe 
warde and foar times upwards, 
As the ascending nnd desoond- 
ing lines do not coincide, the 
potiolo manifestly eienmnn- 
tates; the great evening fall 7 
and nocturnal rise being un 
exaggeration of one of the cir- 
cumuutations, Itshould, how- 
ever, be obworved that the pe- 
tiole fell mnch lower down in 
tho evenings than conld be 
sen on the vortical glass or is 
represented in the dingmum, 
After 7 p.%. on tho Smt (when 
the last dot in Pig. 167 was 
made) the pot. was eurried into 
a bed-room, and the petiole was 
found at 1250 aot Gc, after ! 
midnight) standing almost up- 
right, and much more highly Ore ae pmart 
inclined than it was at 10,40 LS 
va. When observed again at Minow pudicas ciroomnutation and 
4A it had bogan.to fill, and Wale, traced daviog 34 b. MO me 
continued falling till 6.15 a.c., 
after which hour it zigzagged and again cireuranutated, Similar 
obsorvations were male on smother petiole, with nearly the 
same rosult. 

‘On two other occasions the movement of tho main potiole 
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was observed every two or three minutes, the plants being kept 
at a rather high temperature, vix., on tho first occasion mb 
77°—81? F.,and the filament then described 24 ellipses in 691m. 
On the second occasion, when the temperature was 81°—86° F,, 
it made rather more than $ ellipses in 67 m. ‘Therefore, 
Fig, 157, though now sufficiently complex, would have boss i= 
comparably more so, if dots had been made on the glass every 
2or 3 minutos, instead of every hour or half-hour. 

tho main petiolo ix continually and rapidly describing small 
ellipses during the day, yob after the great nocturnal 
movement hus commenced, if dots are made every 2 or 
minutos, as was dono for nn hour between 9.30 and 10302. 
(temp, 84° B.), and the dots are then joined, an almost abeo~ 
Jutely straight line is the result. 

‘To show that the movement of tho potiole is im all proba 
bility due to the varying turgescence of the pulvinus, and not 
to growth (in accordance with the conclusions of Pfeffer), a very 
old leaf, with some of its leatlota yellowish and hardly at ali 
sonsitive, was selected for observation, and the plant was kept 
at the highly favourable temp. of 80° F. ‘The potiole fell from 
5 a.m. till 10.15 Ast, it thon roso a littlo in a somowhat sigeng 
line, often remaining stationary, till 6 rw, when the great 
evening fall commenced, which was continued till at beast 
10.4. By 7 A.W. on the following morning it hat risen to the 
same loyel as on tho previous morning, and thon descended in 
a rigeag line, But from 10:30 am, till 415 pat. ft nunained 
almost motionless, all power of movement being now lost. The 
petiole, therofore, of this very old leaf, which must have long 
ceased growing, moved perivdically; but instead of efreum- 
nutating several times during tho day, it moved only twice 
down and twice up in tho course of 2t b., with the ascending 
and descending lines not coincident, 

Tt has already been stated that the pinnm move independently 
of the main petiole. The petiole of a leaf was fixed to a cark 
support, close to the paint whence the four pinna diverge, with 
# short fine filament comented longitudinally to one of the two 
terminal pinn, and a graduated semicircle was placed cloee 
beneath it. By looking vertically down, its angular or lateral 
movements could bo moasured with accurey, Between noon 
and 416 226 the pinna changed its position fo one side by only 
7°; but not continuously in the same direction, as it moved 
four times to one side, and three times to tho opposite side, 
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in ono instance to tho extent of 16°. ‘Thies pinna, therofore, 
circumnutated, Later in the evening the four pinnw approach 
each other, and the one which was olserved moved inwards 
59° botweon noon and (45 xa. Ton observations wero mado 
in the course of 2h, 20m. (at averago intervals of 14 m.), 
Detween 4.25 and G46 v.x.: and there waa now, when the leaf 
was going to eleep, no swaying from side to side, but a steady 
inward movement. Here therefore there is in the evening the 
same conversion of a cireumnutating into a xtexdy movement 
in one direction, a8 in the caso of the main petiole, 

It has also bean stated that each separate leadet citoum- 
‘mutates. A pinna was cemented with shellac on the summit of 
a little stick driven firmly into the ground, immodiatoly bonoath 
@ pair of leaflets, to the midribe of both of which excessively 
fine glass filamenta were attached. This treatment did not 
injure the leaflets, for they went to elcep in the usual inanner, 
and long retained their sensitiveness, ‘The movements of one 
of them were traced during 49 h., aa shown in Fig. 158. On the 
first day the leaflet sank down till 11.80 aot, and then roe 
till Inte in the evening in a zigzag line, indicating circum- 
nutution. On the second day, when more ascustomed to its 
now stato, it oscillated twice up and twice down during tho 
2h. This plant was subjected to a rather low temperature, 
viz., 62°—64° F.; had it been kept warmer, no doubt the move- 
ments of the leaflet would havo been much more rapid and 
complicated. It may be seen in the diagram that the ascending: 
und descending lines do not cainefde; but the lane amount of 
lateral movoment in the evoning is the result of the leaflots 
‘bending towards the apex of the leaf when going to aleep. 
Another leaflet was casually observed, and found to be can- 
tinually civewmonutating during tho samo length of time, 

‘The cireumnutation of the leaves is not destroyed by thair 
being autjected to moderately long continued darkness; but the 
proper periodicity of their movoments ia lost. Somo very young 
seedlings were kept during two days in the dark (temp, cary 
F.), except when the cireuimnutation of their stems was occa 
sionally ot ; and on the evening of the second day the 
Teaficta did not fally and properly go to weep. ‘The pot'was 
thon placod for throo days fn a dark cupboard, under noarly the 
samo temperature, and at the close of thie period the leaflets 
showed no signs of sleeping, and were only slightly sensitive to 
a touch. On the following day the stem was cemented to a 
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stick, and the movements of tivo leaves were traced ou a vertical 
glass during 72h, ‘Tho plants wore still kept in the dark, ox 
copting that at oach observation, which lasted 3 or 4 misrutes, 


Fig, 158, 


—————. 


= 7 
tae al 


wz AN : 
ae 








prowceein 
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thoy were illuminated ky two candles, On the third day the 
leaflets still exhibited a vestixn of sonsitiveness when forcibly 
pressed, bat in the evening they showed no signs of sloop. 
Nerurtheloss, their petioles continued tociroumnutate distinctly, 
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although the proper order of their mavements in relation to the 
day and night was wholly lost. ‘Thus, one loaf doseonded during 
the first two nights (i.e. between 10 ra, and 7 4.x. next morn- 
ing) instead of ascending, and on the third night it moved 
chiefly in lateral direction, The second leaf behaved in an 
equally abnormal manner, moving latemlly during the first 
night, dewending greatly during the second, and ascending to 
‘on unusual height during the third night. 

With plants kept ata high tempermture and exposed to the 
light, tha mort mpld cireumnutating movement of the npex 
of a leaf which was observed, amounted to y}y of an inch in 
‘one second; and this would have equalled } of an inch in a 
minute, had not the lenf occasionally stood still. Tha aotual 
distance travelled by tho apex (as ascertained by a measure 
placed close to the leaf) was on one occasion nearly } of an inch 
in a vertical direetion in 15 m.; andon another occasion $ of an 
‘inch in 60 ut thero wns nleo come lateral movement. 

Mimosa albida."—The Waves of this plant, one of which is here 
figured (Pig. 159) reduced to $ of the natunil size, presont same 


Fig. 158, 








Afimora albidis = leaf soon from vortieatly above. 


intaresting pecnliarities, Tt conkiste of a long, potiolo hearing 
only two pinnm (here represented as rather moro 
itt Ab sal ole titer eolie et iatabe Gul the ener 


* Mr, Thintloton Dyor informa Li vol. 

mies cataareas 
fone mont commonly 

iy Mr (Trans, tou gardens” 
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basal leaflets nro greatly reduced in size, owing probably to the 
want of space for their full development, so that they may: be 


are sensitive, extremely holiotropie, circurnnutate at nearly the 
Seccd suka esti Tels idstelaeat:lealieka)iab eaeciok Aree 
asleep exnctly the sume position, With Af puitiea the ianer 
Joaflets at the base and between the pinne are likewise muck 
shortened and obliquely trancated; thie fact was well econ in 
some seedlings of Mf. putioa, in which the third leaf above the 
cotyledons bore only two pins, each with only 3 or 4 paira of 
loaflots, of which the inner basal one wos jess than half as long 
as its fellow; so that the whole leaf resembled pretty closely 
‘that of M, albide, In this latter species the main petiole tarml- 
nates in a little point, and on each side of this there is & pair 
of minute, fattened, Isncot-shaped projections, hairy on their 
margins, which drop off and dikappear soon after the leaf is 
fully developed. There can hardly bo « doubt that these little 
projections are the last and fugacious representatives of an 
additional pair of leaflets to each pinna; for the outer ono is 
tica a8 broad a4 tho inner one,and a little longer, viz. yZy of am 
inch, whilst the ianer one ix only $9 long. Now if the basal 
pair of Joaflets of the existing leaves were to hecome radimen- 
tary, wo should expect that the rudiments would still exhibit 
wome trace of their present great inequality of size The come 
clusion that the pinnm of tho paront-form of M. albida pomossed, 
at least three pairs of leaflets, instoad of, as at present, only two, 
is supported by the stracture of the first true loaf; for this 
consists of a simple petiole, often bearing three pairs of leaflets. 
"This Inttor fact, aa well as tho presence of the mdimonts, both 
lead to the conclusion that M. albida is descended from a form 
tho leaves of which bare more than two pairs of leaflets, The 
second leaf above the cotyledons resembles in all respects tho 
Jeaves on fully developed plants, 
‘When the leaves go to éloep, each leaflet twists half 

fo as to present its odge to the zenith, and comes into close 
contact with its fellow. ‘The pinnw: also nppronch ench other 
closely, #0 that the four terminal loaflote come together. Tho 
Jango basal leaflets (with the little rudimentary ones in contact 
‘with them) move inwards and forwards, so a to embrace the 
outside of the united terminal leaflets, and thas all eight leaflets 
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(tho rudimentary ones included) form together a single vertical 
packet. The two pinnw nt the same time that they approach 
each other sink downwards, and thus instead of extending horl- 
zontally in tho same lino with tho main petiole, os during the 
day, they depend ab night at about 45°, or even at a greater 
angle, beneath the horizon, The movement of the main potiole 
‘seems to be variable; wo have sccn it in tho evening 27° lower 
than during the day; but sometimes in nearly the same position, 
Novertheless, a sinking movement in the evening and a rising 
one during the night is probably the normal course, for this 
was well-marked in the petiole of the first-formed true leaf 

‘Tho cireumnutation of the main petiole of a young leaf was 
traced during 2} days, and was considerable in extont, but less 
complex than that of Mf, pudiow. The movement was much 
‘more lateral than is ugaal with circamnutating leaves, and this 
wns tho colo peculiarity which it presented. ‘The apex of 
one of the terminal leaflets was seen under the microscope to 
travel jy of an inch in 3 minutes. 

Mimoss marginata,—The opposite leaflets riko npand approach 
each other at night, but do not come into close contact, exeept In 
tho caso of vory young leaflets on vigorous shoots. Full-grown 
leaflets clreummutate during tho day slowly and on a small scale, 

Schrankia uncinata (‘Tribe 20).—A leaf consists of two or three 
pairs of pinnm, each bearing many small loafleta. ‘Thoso, whon 
‘the plant is asleep, are directed forwards and become imbricated, 
‘The angle between the two terminal pinnm was diminished at 
night, in one case by 16°; and thoy eank almost vertically down- 
wards, The hinder pairs of pinnes likewise sink downwards, 
but do not converge, that is, move towards the apex of the leat, 
‘Tho main potiolo does not become doprosgod, at least during tho 
evening. In this latter reapect, as woll as in the sinking of the 
pinnm, there is n marked difference between the nyetitropic 
movoments of the prosent plant und of Mincea pudica, It 
should, however, be added that onr specimen was not in a very 
‘vigorous condition, The plume af Schrunkia weuleata algo sink 
at night, 

Acocia Farneaiana (Tribe 22) —The different appearance jpre= 
sonted by a bush of thik plant when asleep and awake in won- 
derful. ‘The same leaf in tho two stator ie shown in the following 
figure (Fig. 160), ‘Tho leaflets move towards the apex of the 





Pinna and become imbricated, and the pinnw then look like bite 
of dangling string. The following remarks and 
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do not fully apply to the small leaf horo figured. The pinn 
move forwards and at the same time sink downwands, whilst 
the main petiole rises considerably, Wh ewspentto tal dope 
‘of movement: the two terminal pine of one specimen formed 

together an angle of 100° during the day, and at night of ouly 
‘88°, 80 cach had moved 81° forwarda, The penultimate pinnm 
during the day formed together an angle of 180°, that is, they 
stood in a straight line opposite one another, and at night each 
had moved 65° forwards, ‘Tho basal pair of pinnw wore directed. 





a. zB. 
Aosolx Farnerima; A, leaf during tho day ; 1 the sauss Lent ah whghte 


during the day, exch about 21° backwards, and at night 53° 
forwards, 80 ench had moved 69° forwards. But the pinnw at 
the same time sink greatly, and somotines hang almost perpen- 
dicularly downwards The main petiole, on the other hand, 
inca much: by 8.30 rf. one stood 34° higher than af noon, 
and by 640 As. on the following moming it was still highor 
by 10°; shortly after this hour the diurnal sinking move- 
ment commons. ‘Tho course of » nearly full-grown leaf was 
tmood during M h.; it wax strongly igang, and apparently 
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directed. 


Albizsia lophantha (‘Tribe 23)-—The leaflets at night come into 
contact with ono another, and aro directed towards the apex of 
the pinna, The pinne approach one another, but remain in the 
samo plane as during the day; and in this respect they diffor 
much from those of the abore Schrankin and Acacia. ‘Tho main 
petiole rises Dut little. The first-formed leaf above the caty> 
Jedons bore 11 leaflets on ench sido, and these slept like those 
‘on the subsequently formed leaves; but the petiole of this first 
Jeaf was curved downwards during the day and at night 
straightened itself, #9 that the chord of ite are then stood 16° 
higher than in the day-time, 

Melalewu ericarfolia (Myrtacer)—According to Bouché (' Bot. 
Zoit.. 1874, p. 859) tho leaves sloop at night, in nearly the same 
manner as those of certain species of Pimolia, 

Gnothera mollissima (Onngrariew).—According to Linnwus 
(‘Somnus Plantarum’), the leaves rise up vertically at night. 

Passiflora gracilis (Passifloracee).—The young leaves sleop by 
their blades hanging vertically downwands, and the whole length: 
of the poticle thon becomes somewhat curved downwards 
Externally no trace of a pulvinus can be seen. ‘The petiole of 
the uppermost leaf on a young shoot stood at 1045 aot at 33° 
above the horizon; and at 10,30 rst, when the blade was vorti« 
cally dependent, at only 15°, so the petiole had fallen 18°. That 
of the next older leaf fell only 7*. From some unknown cause 
tho loaves do not always sleep properly. ‘Tho stom of a plant, 
which had stood for some time before a north-east window, was 
secured to a stick at the baw of a young leaf, the blade of 
which wns inclined at 40° below the horizon. From its position 
the Tea? had to bo viewod obliquely, consoquontly the vertically 
ascending and descending movements appeared when traced 
oblique. On the firet day (Oct. 12th) the loaf desconded in a 
zigzag line until Inte in the evening; and by 8.15 Aas. cn the 
13th had risen to nearly the samo level as on the previous 
morning. A now tracing was now begun (Fig. 161). The 
leaf continued to rise until 8,60 s.r, then moved « little to the 
right, and afterwards descended. Between 11 am. and 5 rat. it 
circumnntated, and after tho latter hour the great 
fall commenced. At 7.15 rat, it depended vertically. Tho 
dotted line oaght to have been prolonged much lower down in 
the figure. By 6,60 sat. on the following morning (Mth) the 
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leaf had risen greatly, and continued to riso till 7.60 Am, after 
which hour it redescended, It should be observed that the lines 
tmced on this second morning would have coincided with and 
confused those previously traced, had not the pot been slided 
@ vory little to the left, In the evening (14th) a mark was 
placed behind the filainent attached to the apex of the leaf, and 
ite movoment wae carefully traced from 5 rat, to 10,15 rat 


we 
See XK 
Batt 
Se 4 





Fossijfora grwitis: cirvumnulation and nyctitrople movement of leak 
traced on verticnl glass, from 8.20 aot Oct 13th to 10 ame 14th. 
Figure reduced to two-thinks of original seale. 


Between 5 and 7.15 rat. the leaf descended in a straight line, 
and at the latter hour it appeared vertically dependent. But 
batweon 7.15 and 10.16 pas. tho line consisted of a succession 
of steps, the canse of which we could not undorstand; it was, 
however, manifest that the movement was no longer a simple 
dogconding one, 

Siegesdeckia orientalis (Compositw)—Some seedlings were 
raised in the middto of winter and kept in the hot-house; they 
flowered, but did not grow wall, and their leaves never ahowod 
aay signs of slecp, ‘The leaves on other scedlings raised in May 
were horizontal at noon (June 22nd), and depended at a consi« 
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derable angle beneath the horizon at 10 P.xt. In tho case of four 
youngish loaves, which were from 2 to 2} inches in length, 
these angles were found to be 50°, 56°, 60°, and 65", At the 
end of August, whon tho plants had grown to aheight of 10to 12 
inchot, the younger leaves were 60 much curved downwards at 
night that they might truly be said tobe nsleep. This is aue 


Fig. 16%. 





‘Feotons gave: sheata with learas expanded during the day, and sslep 
at night, Figures copied from photogenphs, and 


of tho specics which must be well illuminated during the day 
in order to sleep, for on two occasions when plants wera kept 
all day in a room with north-ast windows, the Jeaves did net 
sleep at night, ‘The same conse probably accounts for the 
loaves on our seedlings raised in the dead of the winter not 
sleoping. Professor Pfoffer informs us that tho loaves of 
another species (8, Jorudleawis ?) hang vertically ak 5 at night, 
c 
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power carrutea and purpurea (Convolvuilacess).—The leares on 
very young plants, afoot or two in height, are depromed at might 
to botwoen 68° and 80" 
beneath the horizon; 
und some hang quite 
downwards. 

Gn the following marn= 
ing they again rise into 
‘ horizontal position. 
‘The fetioles became 
at night downwardly 
curred, either through 
‘thoir entire length orin 
the upper part alone; 
and this apparently 
canses the depression 
of tho blade, It seems 


day in order to sleop, 
for thoro which stood 
on the back of a plant 





tcotiana 
xivomoh (vor, Virginian) and 


—a 
fit 
i 
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ete is rem tz awake andl asleep (Pig. 
Bieoliann tobaoan : siccumeutatlen sod 37s | 160), sro given: on py 
oa 2 lent te, LO 
) troaed sa. sere gh from, 883: 000 of the shoots, 
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wide. 
At the baso of the patiole of ¥. tabacwm, on the outside, there 
ie « raves of colls, which are rather smaflor than elxewhere, and 
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have thoir longer axna differently directod from the cells af the 
parenchyma, and may therefore bo conaidored aa forming a aort 
of pulvinus. A young plant of 4, tabacum was selected, and 
the cireumnutation of the fifth leaf above the cotyledons was 
obsorved during throo days, On tho first morning (July. a8) 
the leaf foll from 9 to 10 A.x6, which is its normal course, but 

rose during the remainder of the day; and this no pee heey 
duo toits being illuminated exslusively from above; for properly 
the evening rise does not commence until 3 or 4 ra. In the 
fignre as given on p. 886 (Fig, 163) the first dot wax made at 
8 pot; and tho tracing waa continued for the following 65 h. 
‘When the leaf pointed to the dot next above that marked 8 rx, 
it stood horizontally. ‘The tracing i remarkable only from ite 
simplicity and the stmightnoss of the Lines. ‘The leaf each day 
described @ single great ellipse; for it should be observed that 
the ascending and descending lines do not eaincide, On the 
evening of tho 11th the leaf did not deseond quite so low ax 
‘usual, and itnow xigzagged alittle. The diurnal sinking move- 
‘ment had already commenced each morning by7 Ast. ‘The broken 
lince at the top of the figure, representing the nocturnal vertical 


falopa 

of leaves above tho cotyledone, produced by eoodlings of both 
these species, were considerably divergent during the day, and 
at night stood up vertically in close contact with one another, 
‘The two uppor leaves on an older seedling wore almost horizontal 
by day, and at night stood up vertically, but were not in close 
contact, owing to the resistance offered by the central bud, 

Polygonum aviculare Met Sarees Setar Batalin informe 
‘us that the young loaves rise up vertically at night. This in 
likewine the ense, necording epliinasyrag/ ori versiepecie 


‘wer quito, or almost quite, vertical. Other seedlings raised in 


P. 859) the leaves of Pimelia Minvider and apectabilés (Khyrclen) 
sleep at night, . 
o2 
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Euphorbia jacyuinéorflora CBuphorbiacem). — Mr. Lynch 
called our attention to the fact that the young leaves of this 
plant sleep by depending vertically, The third leaf frum the 
sammit (March Lith) was inelinod during the day 30° beneath 
the horizon, and at night hung vortically down, as did some af 
tho still younger leaves, Tt rose up to its former level ow the 
following morving. The fonrth and fifth loaves from the summit 
stood horizontally during tho day, and sank down at night only: 
38°. The sixth leaf did not sensibly alter its position, Tho 
sinking movement {s dua to the downward curvature of tho 
potiolo, no part of which oxhibits any struct Like that of 
@pulvinus, Early on the morning of June 7th a Glament was 
Axed longitudinally tos young leaf (tho third from the suminit, 
and 2) inches in longth), and ite movomonts wore traced on 
# vertical glass during 72 h., the plant being illarminated from 
above through # skylight, Each day the leaf fell in a nearly 
straight line from 7 At to 5 rw., after which hour it was eo 
mich inclined downwards that the movement could no longer 
bo traced; and during tho lattor part of each night, or early in 
the morning, the leaf rose, It therefore cireumnutated in 
yery simple manner, making « singlo large ellipse every 2h hy 
for the ascending and descending lines did not coincide. On 
each sucoossive morning it atood at a loss height than on the 
previous ono, and this was probably duo, partly to the increasing: 
age of the leaf, and partly to the illumination being insufficient; 
for although the leaves arv very slightly heliotropio, yet, accord- 
ing to Mr, Lynch's and onr own observations, thelr inclination 
during the day is determined by the intensity of tho light. On 
the third day, by which time tho extont of the descending 
movement had much decreased, the line traced was 
much mor zigzag than on any previons day, und it appoared 
ae if some of ite powers of movement were thus expended. At 
10 Paton June Tth, when the leaf dopended vertically, its move> 
ments were obwerred by a mark being placed behind it, and the 
end of the attached fitament was eeon to oscillate slowly and 
lightly from side to sido, as well aa upwards and downwards 

Phylianthus Nirwri (Euphorbincen).—The lentlats of this 
plant sleep, a2 deseribed Ly Pfolior,* in @ romarkablo manner, 
apparently like those of Coasia, for they sink downwanis at 
ight and twist round, so that their lower surfuces are turned 


* *Dic Period, Bewog,’ p. 159, 





ee 
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outwards, hoy aro furnished, as might havo boon expectod 
from this complex kind of movement, with » pulvinus, 


Gynosrerms. 


Pinus Nordimanniana (Conifere)—M. Chatin stotes* that the 
leaves, which are horizontal during the day, rise mp at night, sn 
4s to assume a position almost parpondieular to the ranch from 
which they arise; we presume that he here refers to a horizontal 
branch. He ndds : “En méme temps, co mouvement d’érection 
oat accompagné d’un mouvement do torsion imprimé i la partio 
basilairo de la feuille, ot pouvant souvent parcourir un arc do 
90 degrés.” As the lower surfaces of the leaves are white, 
whilst the appor are dark green, the tree prosents a widely 
different appearance by day and night, ‘Tho leaves on a small 
treo in a pot did uot exhibit with as any. nyctitropie move- 
ments, We havo soon in a former chapter that the leaves of 
Pinus pinaster and Austrisce are continually circumnutating. 


MowocoryLEpons, 


Thalia deaibata (Cannacew)—The leaves of thie plant sleep 
by turning vertically upwards; they aro furnished with a woll- 
developed pulvinus It is the only instance known to us of 
‘a vory large joat sleeping. ‘The blade of a young leaf, whieh 
was a8 yot only 135 inches in length and 6) in breadth, formed 
at noon an angle with its tall petiole of 121°, and at night stood 
vortically in @ lino with it, and 80 had risen 59°, Tho netual 
distance travallod by the apox (a8 moasured by an orthogonie 
tracing) of another large leaf, between 7.30 a.m. and 10 Pa, was 
10) inches. Tho cirenmnntation of two young and dwarfed 
loaves, arising amongst the tallor leaves at tho base of the plant, 
was truced on w vertical glass during two days, On tho first day 
tho apox of one, and on the second day the apex of tha other leaf, 
dosoribod. botwoon 6.40 Ast. and 41rat two cllipees, tho longer 
‘axes of which were extended in vory different directions from the 
Lins representing the great diurnal sinking and nocturnal riking 
‘moyernont, 

Maranta arundinares (Cannaces).—The blades of tho leaves, 
Which ago furnisod with a pulvinus, stand horizontally daring 


* Comptes + Houdus;! Tan, 1876, p, 171. 
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the day or botwoen 10° and 20° above the horizon, and at night 
yortioally upwards, They therefore risa between 70° and 90° at 
night. Tho plant was placed at noon in the dark in the hot- 
house, and on the following day the movements of the leaves 
‘wore traced, Between 8,40 and 10:30 .st. thoy rose, and then 
fell greally th LBT rat, But by Brat, they had erie oo 
little, and continued to rise daring the rest of the afternoon and 
night; on the following morning they stood at the sume level ax 
‘on the previons day, Darknoas, therefore, during a day and a 
hulf dows not interfere with the periodicity of their movements. 
‘On a warm but stormy evering, the plant whilst being brought 
into the honso, had its leaves violently shaken, and at night not 
one went to sleep. On the next morning the plant wns taken 
twok to tho hot-house, and again at night the lenves did not 
sloop; but on the ensuing night they roco in tho usual mannor 
between 70° and 80%. This fact is analogous with what wo 
havo observed with climbing plants, namely, that much agitation 
chock for n timo their powor of circumnutation ; but tho effect 
in thiv instance was much more strongly marked and prolonged. 

Colecasio. antiquorum (Caladium eseulentum, Hort.) (Aroidew). 
—The loaves of this plant sleep by their blades sinking in tho 
evening, 40 a8 to stand highly inclined, or even quite vertically 
with their tipe pointing to tho ground, ‘They are not provided 
witha pulyinus. The blade of one stood nt noon 1° benesth the 
horizon; at4.20 rst, 20°; at 6 r.m,, 43°; at7.20 rat,, 00°; andnt 
8.90 p.x., 68°; #0 it had now begun to risa; at 10.15 ys. it stood 
at 65°, and on the following early morning at 11° boneath the 
horizon. 


potiolo only 3 inches, and tho bade 4 inches i length), wae 


ance with the general rule with ciroumnatating organs. The 
movements of the Jeaves of this plant are thos of tho most 
simple kind; and tho traoing is not worth giving. Wo have 
seen that in another genus of the Aroidem, namely, Pistia, the 
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leaves rige 20 much at night that they may almost be said to 
alocp. 

Strephium floribuadum® (Graxminew). —The oval leaves are 

with a pulvinus, aud are extended horizontally or 

leclined little bencath the horizon during the day, Those 

on the upright culms «imply rise up vertically at night, so 

that thoir tips are divectad towards tho zonith. (Fig. 161.) 


Fig 164, 





Strephium floribundum ; axe Tee Teavos duri sat ST, a Se asleep 
atnlght. 

Horizontally extended leaves wae from much inelined or 
almoat horizontal culms, move at night #o that their tips 
point towards the apex of the culm, with one lateral margin 
directed towards the zenith; and in order to assume thia 
position the leaves have to twist on their own axes through an 
angle of nensly 90°. Thus the surface of the blade always stands 
vortically, whatover may be the position of the midrib or of the 
leat aa a whole, 

‘The circurmuntation cee song val 8 inches in length) was 


descending again tate in the night or in the very early morning. 


* A. Brongningt tiest observed In. Soo. Hot. de tom. vil. 
tan ioe al a ad 1860, p. 470. baa! 
of Marsilea slwop: seo "Bull, de 








Birephiion fordundun ; cxcuman- 

‘tation and ayetitropie movement 
of a loaf, trbood froma 9 4.0. June 
20th to $45 4.01.27¢h ; filament 
fisel slong the meld,” Ayes of 
Hea 8} inch 


i dant ‘liveisated oes 
are . "emp, 23)384° C, 
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AcorYLEDoNs. 


Marsilea quadrifoliata (Max- 
sileacom).—The shape of a loaf, 
expanded horizontally during 
the day, is shown at A (Pig. 166), 


half romnd snd come into can- 
tact with one another (B), and 
are aflerwards embraced by the 
‘two Tower leaflets (C); 80 that 
the four leaflots with their lower 
surfaces turned outwards form. 
‘a vortical ot. ‘Tho curva 
tre of the summit of the petiole 


of one of the leaflets (the potiole 
having bean secured) was traced 
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during 24h, (Rig. 167). ‘The leaf fol! from the oarly morning 
til 1.50 Pot, and then rose till 6 ra., whon it was aaloop, A 





B. CG 


ate A, leafduring the day, soon from vertically above; 
1 lead eginning te ta ale, sen lnarlly; G the saat alongs 
Figures reducod to ono-balf of aatural scal 


vertically dopondont glars filamont was now fixed to one of the 
terminal and innor leaflets; and purt of the tracing in Fig. 167, 
after 6 pot, shows that ft continued to sink, maling ono zigzag, 
until 10.40 rat. At 615.4. on tho following morning, the leaf 
was avoking, and the filament pointed above the vertical yl, 


Fig. 167, 





Marsileay :sireumaatadoo ani arettropi movement of leat 
‘tmnced on vera sls during newly 24 b. reduced to two 
thirds of original Plant kept at rather ton low a tetuperture. 


pads fs it oceupied the position shown in tho figure. 
‘The diagram iffers greatly in appearance from most of those 
Beoriously given sist do's Nae leet ontag aoe 
moving Interally as it approaches and comes into contact with 
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its fellow. ‘Tho movement of another leaflot, when aaleep, 
was traced between 6 p.m, and 10.85 va, and it clearly eit 
cumnutated, for it continued for two hours to sink, then rose, 
and then sank still lower than it was at 6 ron It may be 
ween in {he preceding figure (107) that the leaflet, when the 
Plant was subjected to a rathor low tomperature in the house, 

ond ascended during the middlo of tho day in a 
somewhat zigeag line; but when kept in the hot-hoase from 
9AM. to3 pat at ahigh but varying temperature (vie, between 
72° and 86° P;) a leaflet (with the petiole secured) cireummutated 
rapidly, for it made three large vertical ellipses in the course of 
the six hours, According to Brongninrt, Marsilen pubsscens eleops 
like the present species. These plants are the sole cryptogamic 
ones known to sleep. 


Summary and Concluding Remarks on the Nyctitropie 
on Sleep-movements of Leaves.—That these movements 
are in some manner of high importance to the plants 
which exhibit them, few will dispute who have ob- 
served how complex they sometimes are. ‘Thus with 
Cassia, the leaflota which aro horizontal during the 
day not only bend at night vertically downwards with 
the terminal pair directed considerably backwards, but 
they also rotate on their own axes, so that their lower 
surfaces are turned outwards, ‘Tho terminal leaflet 
of Melilotus likewise rotates, by which movement one 
of its lateral edges is directed upwards, and at the 
same time it moves either to the left or to the right, 
until its upper surface comes into contact with that of 
the lateral leaflet on the samo side, which has like- 
wise rotated on its own axis. With Arachis, all four 
leaflets form together during the night a single 
vertical packet; and to effect this the two anterior 
leaflets have to move upwards and the two posterior 
ones forwards, besides all twisting on their own axes, 
Tn the genus Sida the leaves of some species move at 
night through an angle of 90° upwards, and of others 
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throngh the same angle downwards. We have seen a 
similar difference in the nyctitropie movements of the 
cotyledons in the genus Oxalis. In Lupinus, again, 
the leaflets move either upwards or downwards; and 
in some species, for instance LZ. Tutews, those on one 
side of the star-shaped leaf move up, and those on the 
opposite side move down ; the intermediate ones rota- 
ting on their axes ; and by these varied movements, the 
whole leaf forms at night a vertical star instead of a 
horizontal one, as during the day. Some leaves and 
leaflets, besides moving either upwards or downward: 
become more or less folded at night, as in Bauhinia 
and in some specics of Oxalis. ‘The positions, indeed, 
which leaves occupy when asleep are almost infinitely 
diversified; they may point either vertically upwards 
or downwards, or, in the case of leaflets, towards the 
apex or towards the base of the leaf, or in any inter- 
mediate position. They often rotate at least as much 
as 90° on their own axes. ‘The leaves which arise 
from upright and from horizontal or much inclined 
branches on the same plant, move in some few cases 
in a different manner, as with Porlieria and Strephium. 
The whole appearance of many plants is wonderfully 
changed at night, as may be seen with Oxalis, and 
still more plainly with Mimosa. A bush of Acacia 
Farnesiana uppears at night us if covered with little 
dangling bits of string instead of leaves. Excluding 
a few genera not seen by ourselves, about which we 
are in doubt, and oxeluding a few others the leaflets of 
which rotate at night, and do not rise or sink mueh, 
there are 37 genera in which the leaves or leaflets rise, 
often moving at the same time towards the apex or 
towards the base of the leaf, and 82 genera in which 
they sink at night. 

The nyetitropie movements of leaves, leaflets, and 
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petioles are effected in two different ways ; firatly, by 
alternately increased growth on their opposite sides, 
preceded by increased turgescence of the cella; and 
secondly by means of 4 pulvinus or aggregate of small 
cells, generally destitute of chlorophyll, which become 
alternately more turgeacent on nearly opposite sides; 
and this turgescence is not followed by growth except 
during the early age of the plant. A pulvinus seems 
to be formed (as formerly shown) by a group of cella 
ceasing to grow at a very early age, and therefore does 
not differ essentially from the surrounding: tissues, 
The cotyledons of some species of Trifolium are prom 
vided with « pulvinus, and others are destitute of one, 
and so itis with the leaves in the genus Sida. We 
sce also in this same genus gradations in the state of 
the development of the pulvinus; and in Nicotiana 
we haye what may probably be considered as the 
commencing development of one. 'The nature of the 
moyement is closely similar, whether a pulyinus is 
absent or present, as is evident from many of the 
diagrams given in this chapter. It deserves notice 
that when a pulvinus is present, the ascending and 
descending lines hardly ever coincide, so that ellipses 
are habitually described by the leaves thus provided, 
whether they are young or so old as to have qnite 
coased growing, This fuct of ellipses being described, 
shows that the alternately increased turgescence of 
the cells does not occur on exactly opposite sides of the 
pulvinus, any more than the increased growth which 
causes the movements of leaves not furnished with 
pulvini, When a pulvinus is present, the nyctitropia 
movements arm continued for a very mnoch 

period than when such do not exist. This has been 
amply proved in the caso of cotyledons, and Pfeifer 
has given observations to the same effect with respect 


i 
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to leaves, We have scen that a leaf of Mimosa 
padieca continued to move im the ordinary manner, 
though somewhat more simply, until iv withered and 
died. It may be added that some leaflets of Trifolium 
pratense were pinned open during 10 days, and on the 
first evening after being released they rose up and 
slept in the usual manner. Besides the long con- 
tinuanee of the movements when effected by the aid 
of a pulvyinus (and this appears to be the final eause 
of its development), a twisting movement at night, as 
Pfeffer has remarked, is almost confined to leayea thus 
provided, 

Tt is a very general rule that the first true leaf, 
though it may differ somewhat in shape from the 
leayes on the mature plant, yet sleeps like them; and 
this occurs quite independently of the fact whether or 
not the cotyledons themselves sleep, or whether they 
sleep in the same manner, But with Phaseolus Row 
burghié the first unifoliate leaves rise at night almost 
sufliciently to be said to sleep, whilst the leallets of 
the secondary trifoliate leaves sink vertically at night. 
On young plants of Sida rhombufolia, only a few 
inches in height, the leaves did not sleep, though on 
rather older plants they rose up vertically at night, 
On the other hand, the leaves on very young plants of 
Cytious fragrana slopt in a conspicuous manner, whilst 
on old and vigorous bushes kept in the greenhouse, 
the leaves did not exhibit any plain nyctitropic move- 
ment. In the genus Lotus the basal stipule-like 
leaflets rise up vertically at night, and are provided 
with pulvini. 

As already remarked, when leaves or leaflets change 
their position greatly at night and by complicated 
movements, it can hardly be doubted that these must. 
be in some manner beneficial to the plant. If so, we 
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moust extend the same conclusion to « large number of 
sleeping plants; for the most complicated and the 
simplest nyctitropic movements are connected together 
by the finest gradations. But owing to the causes epe- 
cified in tho beginning of this chapter, it is impossible 
in some few cases to determine whether or not certain 
movements should be called nyctitropic. Generally, 
the position which the leaves occupy at night indi- 
cates with sufficient clearness, that the benefit thus 
derived, is the protection of their upper surfaces from 
radiation into the open sky, and in many cases the 
mutual protection of all the parts from cold by their 
being brought into close approximation. It should be 
remembered that it was proved in the last chapter, that 
leaves compelled to remain extended horizontally at 
night, suffered much more from radiation than those 
which were allowed to assume their normal vertical 
position. 


‘The fact of the leaves of several plants not sleeping 


unlest they have been well illuminated during the 
day, made us for a time doubt whether the pro- 
tection of their upper surfaces from radiation was im 
all cases the final cause of their well-pronounced 
nyctitropic movements, But we have no reason to 
suppose that the illumination from the open sky, 
daring even the most clouded day, is insnficient for 
this purpose; and we should bear in mind that leaves: 
which are shaded from being seated low down on the 
plant, and which sometimes do not sleep, are likewise 
protected at night from full radiation. Nevertheless, 
we do not wish to deny that there may exist cases in 
which leaves change their position considerably at 
night, without their deriving any benefit from sneh 


movements. 


Although with sleeping plants the blades almost 
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always assume at night a vertical, or nearly vertical 
position, it ia a point of complete indifference whether 
the apex, or the base, or one of the lateral edges, is 
directed to the zenith. It is a rule of wide generality, 
than whenever there is any difference in the degree of 
exposure to ruliation between the upper and the lower 
surfaces of leaves and leaflets, it is the upper which is 
the least exposed, ag may be seen in Lotus, 
Trifolium, and other genera. In several species of 
Lupinus the leaflets do not, and apparently from 
their stracture cannot, place themselves vertically at 
night, and consequently their upper surfaces, though 
highly inclined, are more exposed than the lower; and 
here we have an exception to our rule. But in other 
species of this genus the leaflets succeed in placing 
themselves vertically ; this, however, is effected by a 
very unusual movement, namely, by the leaflets on 
the opposite sides of the same lesf moving in opposite 
directions. 

It is again a very common rule that when leaflets 
come into elose contact with one another, they do so 
by their upper surfaces, which are thus best 
In some cases this may be the direct result of their 
rising vertically; but it is obviously for the pro- 
tection of the upper surfaces that the leaflets of 
Cassia rotate in eo wonderful a manner whilst sinking 
downwards; and that the terminal leaflet of Melilotus 
rotates and moves to one side until it meets the lateral 
leaflet on the same side. When opposite leaves or 
leaflets sink vertically down without any twisting, 
their lower surfaces approach cach other and some- 
times come into contact; but this is the direct and 
inevitable result of their position. With many species 
of Oxalis the lower surfaces of the adjoining leaflets 
are pressed together, and are thus better protected 
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than the upper surfaces; but this depends merely on 
each leaflet becoming folded at night so as to be able 
to sink vertically downwards. ‘Che torsion or rotation 
of leaves and leaflets, which occurs in so many eases, 
apparently always serves to bring their upper surfaces 
into close approximation with one another, or with 
other parts of the plant, for their mutual protection, 
We see this best in such casos as those of Anuchis, 
Mimosa albida, and Marsilea, in which all the leaflets 
form together at night a single vertical packet. If 
with Mimosa pudica the opposite leaflets had merely 
moved upwards, their upper surfaces would have come 
into contact and been well protected; but as it ia, 
they all successively move towards the apex of the 
leaf; and thus not only their upper surfaces are pro 
tected, but the successive pairs become imbrieated and 
mutually protect one another as well as the petioles, 
‘This imbrication of the leaflets of sleeping plants is a 
common phenomenon. RAOCLIFFE, 
The nyctitropic movement of the blade is gene- 
rally effected by the curvature of the uppermost part 
of the petiole, which has often been modified into a 
pulvinus; or the whole petiole, when short, may be 
thus modified. But the blade itself sometimes curves 
or moves, of which fuct Banhinia offers a striking 
instance, as the two halves rise up and come into 
close contact at night. Or the blade and the upper 
part of the potiolo may both move. Moreover, the 
petiole as a whole commonly eithér rises or sinks at 
night. This movement is sometimes large: thus the 
petioles of Cassia pubescens stand only a little above 
the horizon during the day, and at night rise up 
almost, or quite, perpendicularly. The petioles of the 
younger leaves af Desmodium gyrans also rise up vere 
tically at night. On the other hand, with Amphi- 
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carpwa, the petioles of some leaves sank down as 
much as 57° at night; with Arhis they sank 39°, 
and then stood at right angles to the stem. Gene- 
rally, when the rising or sinking of several petioles on 
the same plant was measured, the amount differed 
greatly. ‘This is largely determined by the age of the 
leafs for instance, the petinle of » sibtcataly old leaf 
of Desmodium gyrans rose only 45°, whilst the young 
ones rose up vertically; that of a young leaf of Cassia 

la rose 41°, whilst that of an older leaf rose 
only 12°, It is a more singular fact that the age of 
the plant sometimes influences greatly the amount of 
movement; thus with some young seedlings of a Bau- 
hinia the petioles rose at night 30° and 34°, whereas 
those on these same plants, when grown to a height 
of 2 or 3 feet, hardly moved at all. ‘The position of 
the leaves on the plant as determined by the light, 
seems also to influence the amount of movement 
of the petiole; for no other canse was apparent 
why the petioles of some leaves of Melilotus officinalis 
rose as much as 59°, and others only 7 and 9° at 
night. 

In the case of many plants, the petioles move at 
night in one direction and the leaflets in a directly 
opposite one. Thus, in three genera of Phaseolew the 
leaflets moved vertically downwards at night, and the 
petioles rose in two of them, whilst in the third they 
sank, Species in the same genus often differ widely 
in the movements of their petioles. Even on the same 
plant of Lupinus grbescens some of the petioles rose 80°, 
others only 6% and others sank 4° at night. The 
leaflets of Cassia Barclayana moved so little at night 
that they could not be said to sleep, yet the petioles 
of some young leaves rese ag much as 34° These 
several facts apparently indicate that the movements 

2p 
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of the petioles are not porformed for any special pur- 
pose; though a conclusion of this kind is generally 
rash. When the leaflets sink vertically down at night 
and the petioles rise, as often occurs, it is certain that 
the upward movement of the latter does not aid the 
leaflets in placing themeclyes in their proper posi- 
tion at night, for they have to move through a 
greater angular space than would otherwise have been 


necessary. 

Notwithstanding what has just been said, it may be 
strongly suspected that in some cases the rising of 
the petioles, when considerable, does beneficially serve 
the plant by greatly reducing the surface exposed to 
radiation at night. If the reader will compare the 
two drawings (Fig. 155, p. 871) of Cassia 
copied from photographs, he will see that the dia- 
meter of the plant at night is about one-third of 
what it is by day, and therefore the surface exposed 
to radiation is nearly nine times less, A similar 
conclusion may be deduced from the drawings (Fig. 
149, p. 358) of a branch awake and asleep of Des 
modium gyrans. So it was in a very striking manner 

young plants of Bauhinia, and with Owalis 






i 


We are led to an analogous conelusion with respect 
to the movements of the secondary petioles of es 
pinnate leaves. The pinnm of Mimosa 
verge at night; and thus the imbricated and “aaa 
leaflets on each separate pinna are all brought close 
together into a single bundle, and mutually protect 
one another, with a somewhat smaller surface ox; 
to radiation, With Albissiit lophantha the pinnw elose 
together in the same manner, Although the pinna 
of Acacia Farnesiana do not converge much, they 
eink downwards. Thoeo of Neptunia oleracea likewise 
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move downwards, as well as backwards, towards the 
Iase of the loaf, whilst the main petiole rises. With 
Schrankia, again, the pinnwe are depressed at night. 
Now in these three latter cases, though the pinnw 
do not mutually protect one another at night, yet 
after having sunk down they expose, as does a 
dependent sleeping leaf, much less surfuee to the 
zenith and to radiation than if they had remained 
horizontal, 

Any one who had never observed continuously a 
sleeping plant, would naturally suppose that the leaves 
moved only in the evening when going to sleep, and 
in the morning when awaking; but he would be quite 
mistaken, for we have found no exception to tho rule 
that leaves which sleep continue to move during the 
whole twenty-four hours; they move, however, more 
quickly when going to sleep and when awaking than 
at other times. That they are not stationary during 
the day is shown by all the diagrams given, and by 
the many more which were traced, It is troublesome 
to observe the movements of leaves in the middle of 
the night, but this was done in a few cases; and 
tracings were made during the early part of the night 
of the movements, in the case of Oxalis, Amphicarpmu, 
two species of Erythrina, a Cassia, Passiflom, Euphorbia 
and Marsilea; and the leaves after they had gone to 
sleep, were found to be in constant movement. When, 
however, opposite leaflets come into close contact with 
one another or with the stem at night, they are, as we 
believe, mechanically prevented from moving, but this 
point was not sufficiently investigated. 

When the movements of sleeping leaves are traced. 
during twenty-four hours, the ascending and descend- 
ing lines do not coincide, except occasionally and by 
accident for a short space; so that with many plants « 

202 
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single large ellipse is described during each twenty-four 
hours. Such ellipses are generally narrow and ver- 
tically directed, for the amount of lateral movement is 
small. ‘Chat there is some lateral movement is shown 
by the ascending and descending lines not coinciding, 
and occasionally, as with Desmodium gyrana and Thalia 
dealbata, it was strongly marked. In the case of Meli- 
lotus the ellipses described by the terminal leaflet 
during the day are laterally extended, instead of ver- 
tically, as is usual; and this duct evidently stands im 
relation with the terminal leaflet moving laterally 
when it goes to sleep. With the majority of sleeping 
plants the leaves oscillate more than once up and 
down in the twenty-four hours; so that frequently two 
ellipses, one of moderate size, and one of very large size 
which includes the nocturnal movement, are described 
within the twenty-four hours. For instance, # leaf 
which stands vertically up during the night will sink 
in the morning, then rise considerably, again sink in 
the afternoon, and in the evening reascend and assume: 
its vertical nocturnal position. It will thus deseribe, 
in the course of the twenty-four hours, two ellipses of 
unequal sizes, Other plants describe within the same 
time, three, four, or five ellipses, Occasionally the 
longer axes of the several ellipses extend in different 
directions, of which Acacia Farnesiana offered a good 
instance. ‘The following cases will give an idea of the 
rate of movement: Owalis acotosella completed two 
ellipses at the rate of 1h, 25m. for each; Marsilee 
quadrifoliata, at the rate of 2h.; Trifolium subterranewm, 
one in 3h. 90 m.; and Arachis hypogwa, in 4h. 60m. 
But the number of ellipses described within a given 
time depends largely on the state of the plant and 
on the conditions to which it is exposed. It often hap- 
pens that a single ellipwe may be described during one 
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day, and two on the next, Erythrina eorallodendron 
made four ellipses on the first day of observation 
and only a single one on the third, apparently owing 
to having been kept not sufficiently illuminated and 
perhaps not warm enough, But there seems likewise 
to be an innate tendency in different species of the 
same genus to make a different number of ellipses in 
the twenty-four hours: the leaflets of Trifolium repens 
made only one; those of T. resupinatum two, and those 
of 7. subterraneum three in this time. Again, the 
leaflets of Oradis Plumierti made a single ellipse; those 
of O. bupleurifolia, two; those of O. Valdiviana, two or 
three; and those of O. acotosella, at least five in the 
twenty-four hours. 

The line followed by the apex of a leaf or leaflet, 
whilst describing one or more ellipses during the day, 
is often zigaag, cither throughout its whole course or 
only during the morning or evening: Robinia offered 
an instance of zigzagging confined to the morning, 
and a similar movement in the evening is shown in 
the diagram (Fig. 126) given under Sida. The amount 
of the zigzag movement depends largely on the plant 
being placed under highly favourable conditions, But 
even under such favourable conditions, if the dots which 
mark the position of the apex are made at consider- 
able intervals of time, and the dots are then joined, 
the course pursued will still appear comparatively 
simple, although the number of the ellipses will be 
increased ; but if dots are made every two or three 
minutes and these are joined, the result often is that 
all the lines are strongly xigeug, many small loops, 
triangles, and other figures being also formed, This 
fact is shown in two parts of the diagram (Fig. 150) 
of the movements of Desmodium gyrans. in 
floribundum, observed under a high temperature, 
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mado scyeral little triangles at the rte of 43 m, 
for each. Mimosa pudica, similarly observed, de 
scribed three little ellipses in 67 m.; and the apex 
of a leaflet crossed 545 of an inch in a second, or 
0-12 inch in @ minute. The leaflets of Averrhoa 
made a countless number of little oscillations when 
the temperature was high and the sun shining, ‘The 
zigmg movement may in all cases be considered as 
an attempt to form small loops, which are drawn out 
by a prevailing movement in some one direction, The 
rapid gyrations of the little lateral leaflets of Des- 
modium belong to the same class of movements, 
somewhat exaggerated in rapidity and amplitude, 
The jerking movements, with a small advance and 
still smaller retreat, apparently not exactly in the 
same line, of the hypocotyl of the cabbage and of 
the leaves of Dionwa, as seen under the microscope, 
all probably como under this kame head, We may 
suspect that we here see the energy which is freed 
during the incessant chemical changes in progress in 
the tissues, converted into motion, Finally, it should 
be noted that leaflets and probably some leaves, whilst 
describing their ellipses, often rotato slightly on their 
axes; so that the plane of the leaf is directed first to 
one and then to another side. ‘This was plainly seen 
to bo the case with the large terminal leaflets of Des- 
modinm, Erythrina and Amphicarpwa, and is probably 
common to all leaflets provided with a pulvinus. 
With respect to the periodicity of the movements of 
sleeping leaves, Pfeffer* haa so clearly shown that 
this depends on the daily alternations of light and 
darkness, that nothing farther need be said on this 


* ‘Dio Periodischon Bowogungon der Blattorganc,’ 1875, p. 90, o& 
passin. a 
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head, But wo may recall the behaviour of Mimosa 
in the North, where tho sun does not set, and the 
complete inversion of the daily movements by artificial 
light and darkness. It has also been shown by us, 
that although leaves subjected to darkness for a mode- 
rately long time continue to circumnutate, yet the 
periodicity of their movements is soon greatly dis- 
turbed, or quite annulled. The presence of light or 
its absence cannot be supposed to ba the direct cause 
of the movements, for these are wonderfully diversified 
even with the leaflota of the same leaf, although all 
have of course been similarly exposed. The move- 
ments depend on innate causes, and are of an adaptive 
nature, The alternations of light and darkness 
merely give notice to the leaves that the period has 
arrived for them to moyo in @ certain monner, We 
may infer from the fact of several plants (Tropmolum, 
Lupinus, ce.) not sleeping unless they have been well 
illuminated during the day, that it is not the actual 
decrease of light in the evening, but the contrast 
botween the amount at this hour and during the early 
part of the day, which exeites the leaves to modify 
their ordinary mode of cireumnutation. 

As the leaves of most plaints assume their proper 
diurnal position in the morning, although light be 
excluded, and as the leaves of some plants continue to 
move in the normal manner in darkness during at 
least a whole day, we may conclude that the periodi- 
city of their movements is to @ certain extent in- 
herited.* The strength of such inheritance differs 


«Piller device such inherit: “\Nechwiskung” or, the after 
ance; he attributes (“Die Poriod, offeola of light and darkness, 
Dowegangea! TB 30-50). the Dut wo are wonble to follow hls 

yhon prolonged for trwin of reasoning. ‘There does 
Pty oF two in! Ganka, 10 ‘ot soum to bo any more reason for 
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much in different species, and seems never to be rigid ; 
for plants have been introduced from all parts of the 
world into our gardens and greenhouses; and if their 
movements had been at all strictly fixed in relation to 
the alternations of day and night, they would have 
slept in this country at very different hours, which: 
38 not the case. Moreover, it bas been observed that 
sleeping plants in their native homes change their 
times of sleep with the changing seasons, * 


We may now tur to the systematic list (p, 320), 
This contains the names of all the eleeping plants 
known to us, though the list undoubtedly is very 
imperfect. It may be premised that, as a general 
rule, all the species in the same genus sleep in 
nearly the same manner, But there are some ex- 
coptions; in several large genora including many 
sleoping species (for instance, Oxalis), some do not 
sleep. One species of Melilotus sleeps like a ‘Tri- 
folium, and therefore very differently from its con- 
geners; so does one species of Cassia. In the genus 
Sida, the loayes cither rise or fall at night; and with 
Lupinus they sleep in three different methods, Re- 
turning to the list, the first point which strikes ns, is 
that there are many more genera amongst the Legu- 
minose (and in almost every one of the Leguminous 
tribes) than in all the other families put together; 
and we are tempted to connect this fact with the great 


attributing such movements to this effect must be produced on the 
canso than, for instance, the ine seeds by the long-contiuued oulti- 
herited habit of winter and vation of the parent-plants under 
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movements of leaves in darkness * Pieter, ibid, p 40 
aftor a fow days. No doubt somo 
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mobility of the stems and leaves in this family, as 
shown by the large number of climbing species which 
it contains. Next to the Leguminos come the Mal- 
vacem, together with some closely allied families. But 
by far the most important point in the list, is that we 
meet with sleeping plants in 28 families, in all the 
great divisions of the Phanerogamie series, and in one 
Cryptogum. Now, although it is probable that with 
the Leguiminosw the tendency to sleep may have been 
inherited from one or a few progenitors, and possibly 
so in the cohorts of the Malvales and Chenopodiales, 
yet it is manifest that the tendency must have been 
aequired by the severa] genera in the other families, 
quite independently of one another. Hence the ques- 
tion naturally arises, how has this been possible ? 
and the answer, we cannot doubt, is that leaves owe 
their nyctitropie movements to their habit of cir- 
cumnutating,—a habit common to all plants, and 
everywhere ready for any beneficial development or 
modification. 

It has been shown in the previous chapters that the 
leaves and cotyledons of all plants are continually 
moving up and down, generally to a slight but some 
times to a considerable extent, and that they describe 
either one or several ellipses in the course of twenty- 
four hours; they are also so far affeeted by the alter- 
nations of day and night that they generally, or 
at least often, move periodically to a small extent; 
and here we haye a basis for the development of the 
greater nyctitropic movements, That the movements 
of leaves and cotyledons whieh do not sleep come 
within the class of circumnutating movements cannot 
be doubted, for they are closely similar to those of 
hypocotyls, epicotyls, the stems of mature planta, and 
of various other organs. Now, if we take the simplest 
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ease of a sleeping leaf, we see that it makes a single 
ellipse in the twenty-four hours, which resembles one 
described by a non-sleeping leaf in every respect, except 
thatit is much larger. In both cases the course pursued 
is often zigzag. As all non-sleeping leaves are inces- 
santly circumnutating, we must conclude that a part 
at least of the upward and downward movement of one 
that sleeps, is due to ordinary circumnutation; and it 
seems altogether gratuitous to rank the remainder of 
the movement under a wholly different head. With 
a multitude of climbing plants the ellipses which they 
describe have been greatly increased for another pur 
pose, namely, catching hold of a support, With these 
climbing plants, the various circumnutating organs hare 
been so fur modified in relation to light that, differently 
from all ordinary plants, they do not bend towards it. 
With sleeping plants the rte and amplitude of the 
movements of the leaves have been so far modified in 
relation to light, that they move in a certain direction 
with the waning light of the evening and with the 
increasing light of the morning more rapidly, and to 
@ greater extent, than at other hours, 

But the leaves and cotyledons of many non-sleeping 
plants move in a much more complex manner than in 
the cases just alluded to, for they describe two, three, 
or more ellipses in the course of a day. Now, if a 
plant of this kind were converted into one that slept, 
one side af one of the several ellipses which each 
leaf daily describes, would have to be greatly inereased 
in Jength in the evening, until the leaf stood. ver 
tically, when it would go on circumnutating about the 
same spot. On the following morning, the side of 
another cllipse would baye to bo similarly ineroased 
in length, so a8 to bring the leaf back again into its 
diurnal position, when it would again eircomnutate 
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until the evening. If the reader will look, for in- 
stance, at the diagram (Fig. 142, p. 351), representing 
the nyctitropic movements of the terminal leaflet of 
Trifolium sublerraneum, remembering that the curved 
broken lines at the top ought to be prolonged much 
higher up, he will see that the great rise in the evening 
and the great fall in the morning together form a 
large ellipse like one of those described during the 
daytime, differing only in size. Or, he may look at 
the diagram (Fig. 103, p. 236) of the 3} ellipses 
described in the course of 6 h. 35 m. by a leaf of 
Lnupinus apeciosus, which is one of the species in this 
genus that does not sleep; and he will see that by 
merely prolonging mat the line which was already 
rising late in the evening, and bringing it déwn 
again next morning, the diagram would represent the 
movements of a sleeping plant, 

With those sleeping plants which describe several 
ellipses in the daytime, and which travel in a strongly 
zigzag line, often making in their course minute loops, 
triangles, We., if az soon as one of the ellipses begins 
in the evening to be greatly increased in size, dots are 
made every 2 or 8 minutes and these are joined, the 
line then described is almost strictly rectilinear, in 
strong contrast with the lines made during the day- 
time. This was observed with Desmodium gyrans and 
Mimosa pudica. With this latter plant, moreover, the 
pinne converge in the evening by a steady moye- 
ment, whereas during the day they are continually 
converging and diverging to a elight extent. In all 
such eases it was scarcely possible to observe the 
difference in the movement during the day and even- 
ing, without being convinced that in the evening the 
plant sayea the expenditure of force by not moying 
Jatorally, and that its whole onergy is now exy 
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in gaining quickly its proper nocturnal position by 
a direct course. In several other cases, for instance, 
when a leaf after describing during the day one or 
more fairly regular ellipses, zigzags much in the 
evening, it appears as if energy was being expended, 
so that the great evening rise or fall might eoin- 
cide with the period of the day proper for this 
movement. 

‘The most complex of all the movements performed 
by sleeping plants, is that when leaves or leaflets, 
after describing in the daytime several 
directed ellipses, rotate greatly on their axes in the 
evening, by which twisting movement they occupy 
a wholly different position at night to what they do 
dating the day. For instance, the terminal leaflets 
of Cassia not only move vertically downwards in the 
evening, but twist round, so that their lower surfaces: 
face outwards. Such movements are wholly, or almost 
wholly, confined to leaflets provided with a pulvinns, 
But this torsion is not a new kind of movement 
introduced solely for the purpose of sleep; for it 
has been shown that some leaflets whilst describing 
their ordinary ellipses during the daytime rotate 
slightly, causing their blades to fhee first to one side 
and then to another. Although we can see how the 
slight periodical movements of leaves in a vertical 
plane could be easily converted into the greater yet 
simple nyctitropic movements, we do not at present 
know by what graduated steps the more complex 
movements, effected by the torsion of the pulvini, 
have been acquired. A probable explanation could 
be given in each case only after a close investigation 
of the movements in all the allied forms. 

From the facts and considerations now advanced we 
may conclude that ayctitropism, or the sleep of leaves 


k 
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and cotyledons, is merely a modification of their ordi- 
nary circumnutating movement, regulated in its period 
and amplitude by the alternations of light and dark- 
ness, The object gained is the protection of the upper 
surfaces of the leaves from radiation at night, often 
combined with the mutual protection of the several 
parts by their close approximation. In such cases as 
those of the leaflets of Cassia—of the terminal leaflets 
of Molilotus—of all the loaflots of Arachis, Marsilea, 
&e.—we have ordinary circumnutation modified to the 
extreme extent known tous in any of the several great 
classes of modified circumnutation, On this view of 
tho origin of nyctitropiam we can understand how it 
is that a few plants, widely distributed throughout the 
Vascular series, have been able to acquire the habit of 
placing the blades of their leaves vertically at night, 
that is, of sleeping,—a fact otherwise inexplicable, 


The leaves of some plants move during the day in 
amanner, Which has improperly been ealled diurnal 
sleep; for when the sum shines brightly on them, they 
direct their edges towards it, To such cases we shall 
recur in the following chapter on Heliotropism. It 
has been shown that the leaflets of one form of 
Porlieria hygrometrica keep closed during the day, ax 
long as the plant is scantily supplied with water, in 
the same manner as when asleep; and this apparently 
serves to cheek evaporation, There is only one other 
analogous case known to as, namely, that of certain 
Graminew, which fold inwards the sides of their narrow 
leaves, when these are exposed to the sun and to a 
dry atmosphere, as described by Duyal-Jouve." We 
have also observed the same phenomenon in Elymus 
arenareus, 


© + Annal. dee 80, Nat. (Bot.)' 1875, tom, 4, pp. 26-820. a 
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There is another movement, which since the time 
of Linnwus has generally been called sleep, namely, 
that of the petals of the many flowers which close at 
night, ‘hese movomonts have boon ably investigated. 
by Pfeffer, who has shown (as was first observed by 
Hofmeister) that they are caused or regulated more 
by temperature than by the alternations of light and 
darkness. Although they cannot fail to protect the 
organs of reproduction from radiation at night, this 
does not seem to be their chief function, but rather 
the protection of the organs from cold winds, and 
especially from rain, during the day. ‘Tho latter 
aeems probable, as Korner* bas shown that a widely 
different kind of movement, namely, the bending down 
of the upper part of the peduncle, serves in many 
eases the same end. The closure of the flowers will 
also exclude nocturnal insects which may be ill-adapted 
for their fertilisation, and the well-adapted kinds at 
periods when the temperature is not favourable for 
fertilisation. Whether these movements of the petals 
consist, a8 is probable, of modified circumnutation we 
do not know. 


Embryology of Leaves,—A fow facts have been in- 
cidentally given in this chapter on what may be called 
the embryology of leaves. With most plants the 
first leaf which is developed after the cotyledons, 
resembles closely the leaves produced by the mature 
plant, but this is not always the case, The first 
leaves producod by some species of Drosera, for instance 
by D. Capensis, differ widely in shape from those 
borne by the mature plant, and resemble closely the 
leaves of D. rofundifolia, ag was shown to us by Prof. 
Williamson of Manchester. The first true leaf of 


* ‘Die Schutemittel des Polleos, 1873, pp. 2-30, 
. 
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the gorse, or Ulex, is not narrow and spinose like 
older leaves. On the other hand, with many Legumi- 
nous plants, for instance, Cassia, Acacia lophantha, &e., 
the first loaf has essentially the samo character as the 
older leaves, excepting that it bears fewer leaflets, In 
Trifolium the first leaf gonorally bears only a single 
leaflet instead of three, and this differs somewhat in 
shape from the corresponding leaflet on the older leaves, 
Now, with Lrifolium Pannoniewm the first true leaf on 
some seedlings was unifoliate, and on others completely 
trifoliate ; and between these two extreme states there 
were all sorts of gradations, some seedlings bearing 
a single leatlet more or less deeply notched on one 
or both sides, and some bearing a single additional 
and perfect lateral leaflet. Hero, then, we have the 
rare opportunity of seeing a structure proper to a more 
advanced age, in the act of gradually encroaching on 
and replacing an earlier or embryological condition. 
‘The genus Melilotus is closely allied to Trifolium, and 
the first leaf bears only a single loaflot, which at night 
rotates on its axis so us to present one lateral edge to 
the zenith, Henee it sleeps like the terminal leaflet 
of a mature plant, as was observed in 15 species, and 
wholly unlike tho corresponding leaflct of Trifolium, 
which simply bends upwards. It is therefore a curious 
fact that in one of these 15 species, vix., M. Taurica (and 
in a lesser degree in two others), leaves arising from 
young shoots, produced on plants which had been cut 
down and kept in pots during the winter in the groen- 
house, slept like the leaves of a Trifolium, whilst the 
leaves on the fully-grown branches on these same 
plants afterwards slept normally like those of a Meli- 
lotus. If young shoots rising from the ground may 
be considered as new individuals, partaking to a certain 
extent of the nature of seedlings, then the peculiar 
manner in which their leaves slept may be o 
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ag an embryological habit, probably the result of Meli- 
lotus being descended from some form which slept like 
a Trifolium. This view is partially supported by the: 
leaves on old and young branches of another species, 
M, Messenensis (not included in the above 15 species), 
always sleeping like those of a Trifolium, 

The first true leaf of Mimosa aibida consists of a 
simple petiole, often bearing three pairs of leaflets, all 
of which are of nearly equal size and of the same 
shape; the second leaf differs widely from the first, 
and resembles that on a mature plant (see Fig. 159, 
p- 379), for it consists of two pinnwe, each of which 
bears two pairs of leaflets, of which the inner basal 
one is very small. But at the base of exch pinna 
there is a pair of minute points, evidently rudiments 
of leaflets, for they are of unequal sizes, like the two 
succeeding leaflets, Thesiy rudiments are in one sense 
embryological, for they exist only during the youth of 
the leaf, falling off and disappearing as soon as it is 
fully grown, 

With Desmodium gyrans the two lateral leaflets are 
very much smaller than the corresponding leailets im 
most of the species in this large genus; they vary 
algo in position and size; one or both are sometimes 
absent; and they do not sleep like the fully-developed 
leaflets. They may therefore be considered as almost 
rudimentary ; and in accordance with the general prin- 
ciples of embryology, they ought to be more constantly 
and fully developed on very young than on old plants. 
But this is not the case, for they were quite absent 
on some young seedlings, and did not appear until 
from 10 to 20 leaves had been formed. This fact 
leads to the suspicion that D, gyrans is descended 
through « unifoliate form (of which some exist) from 
4 trifoliate species ; and that tho little lateral leaflets 
reappear throngh reversion, However this may be, 
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the interesting fact of the pulvini or organs of move- 
ment of these little leaflets, not having been reduced 
nearly so much as their blades—taking the large 
terminal leaflet as the standard of comparison—gives 
us probably the proximate cause of their extraordinary 
power of gyration. 
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CHAPTER VIII. 
Mopivrep Cixceanoration: Movesenre excrrep oy Lrowr, 


Pistinction between heliotroplem and the offeets of Hight on the porio- 
dicity of the tnovements of leaver—Holiotropie movements of Batty 
Solanum, Zea, and Avena—Heliotropic movemonts townrds au 
obsoura light in Apioa, Brassica, Phalaris, Tropmolum, and Oxssia 
—Apheliotropic movenenta of tondrils of Bignonia—Of flower- 
yeduncles of Cyclamen —Burying of the pods—Hollotropiam 
‘nd apheliotropism modified forms of eireumnutation—Steps by 
which one movement is converted inlo the olher—Transverral- 
heliotropismun or dinheliotropian, influonced by epinusty, the 
wolght of the part and apogeotropism=—Apogeotropiam overcorh 
during the middle of the day by diabeliotropixm—Efeots of the 
‘woight of the blades of cotylodons—So-ealled diurnal sleep—Chlow 
phyll injuned by intyuse light—Movements to avoid intense ight, 

Sacus first clearly pointed out the important dif- 

ference between the action of light in modifying the 

periodic movements of leaves, and in causing them to 
bend towards its source.” The latter, or heliotropic 
movements are determined by the direction of the light, 
whilst periodic movements are ected by changes in 
its intensity and not by its direction. ‘The periodicity 
of the circummutating moyement often continues for 
some time in darkness, as we haye seen in the last 
chapter; whilst heliotropic bending coases very quiekly 
when the light fails. Nevertheless, plants which pe 
ceased through long-continued darkness to move pe- 
tiodically, if ro-exposed to the light are still, according 
to Sachs, heliotropic. 

Apheliotropism, or, as usually designated, negative 








* ‘Physiologie Ving’ (Frenets Translation), 1868, pp. #2, 917, &e, 
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heliotropism, implies that a plant, when unequally 
illuminated on the two sides, bends from the light, 
instead of, as in the last sub-class of cases, towards it; 
but apheliotropism is comparatively rire, at loast in a 
well-marked degree, There is a third and lange sub- 
class of cnses, namely, those of “‘Transversal-Helio 
tropismus” of Frank, which we will here call diahelio- 
tropism. Parts of plants, under this influence, placo 
themselves more or less transversely to the direction 
whence the light proceeds, and are thus fully illumi- 
nated, There is a fourth sub-class, as far as the final 
cause of the movement is concerned ; for the leayes of 
some planta when exposed to an intense and injurious 
amount of light direct themeelves, by rising or sinking 
or twisting, so a3 to be less intensely illuminated. 
Such movements have sometimes been called diurnal 
sleep. If thought advisable, they might be called 
paraheliotropic, and this term would correspond with 
our other terms, 

Tt will be shown in the present chapter that all the 
movements included in these four sub-classes, con- 
sist of modified circumnutation. We do not pretend to 
say that if a part of a plant, whilst still growing, did not 
circumnutate—though such a supposition is most im- 
probable—it could not bend towards the light; but, as 
a matter of fact, heliotropism seems always to consist 
of modified circumnutation, Any kind of movement 
in relation to light will obviously be much facilitated 
by each part cireumnutating or bending successively 
in all directions, 40 that an already existing movernent 
has only to be increased in some one direction, and to 
bo lessened or stopped in the other directions, in order 
that it should become heliotropic, apheliotropic, &e., 
as the case may be. In the next chapter some obser- 
yations on the sensitiveness of plants to light, their 

Led 
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mate of bending towards it, and the accuracy with 
which they point towards its source, &e., will be 
given, Afterwards it will be shown—and this seems 
to us a point of much interest—that sensitiveness to 
light is sometimes confined to a small part of the 
plant; and that this part whon stimulated by light, 
transmits an influence to distant parts, exciting them 
to bend. 

Heliotropism.— When a plant which is strongly 
heliotropic (and species differ much in this respect) 
is exposed to a bright lateral light, it bends quickly 
towards it, and the course pursued by the stem is 
quite or nearly straight. But if the light is much 
dimmed, or occasionally interrupted, or admitted in 

re. only a slightly oblique direction, 

the course pursued is more or leas 

zigmag; and as we have seen and 

shall again see, such zigzag move- 

ment results from the elongation or 

drawing out of the ellipses, loops, 

&e,, which the plant would have de- 

scribed, if it had been illuminated 

from above. On several occasions 

Beta eulyacve: eixeunmn- WO Were much struck with this fact, 

Pikes brposiyl, ie whilst observing the circumnuta- 

being aghuly ‘ters, tion of highly sensitive seedlings, 

tral oe heriental which were unintentionally ioe 


Hightel taper by which at suocessive intervals of 


one tthe origil ek rien wih ce aes Stee 
‘were kept covered up, except during 

Pere rear pir cegertinnearat but the 
result was that their hypocotyls bowed themselves to the side, 
Whonce somo Nght occasionally ontered, in lines which were 
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only slightly zigzag. Although not o single ellipse was even 
approximately formed, we inferred from the zigang lines—and, 
‘ag it proved, correctly—that thoir hypocotyls were citeummuta- 
‘ting, for on tho following day those same seedlings wore placed 
in a completely darkened room, and were observed each time by 
‘the nid of a small eux taper held almost 
directly above them, and thoir movements a 
were traced on # horizontal glass above; 
and now their hypocotyls clearly cireum- 
nutated (Fig. 168, and Fig. 39, formerly 
given, p. 52); yet they moved a short 
distance towards the aide whara the taper 
washoldup. Ifwolook at these diagrame, 
and suppose that the taper had been held 
‘more on one kide, and that the hypocotyls, 
still circumnatating, had bent thomselyos 
within the same time much more towards 
‘the light, long zigzag lines would ob- 
viously havo boon the result. 

Again, two seedlings of Solanum lyo~ 
persicum wero illuminated from above, 
but accidentally w little mare light entered. 
on one than on any other side, and their 
hypocotyls becamo slightly bownd towards 
tho brightor sido; they movod in a zigzag 
line aud described in their course two little 
triangloz, as seen in Fig. 37 (p. 50), and 
in another tracing not given, ‘Tho shoath- 
Like cotyledons of Zex mays belinved, under 
nearly similar circumstances, in © nearly 
similar mannor, aa described in our fhest 4% saliva heliotronie 
chapter (p. 64), for they bowed themselves — atation of sheath-Hke 
during the whole day towards one sido, cotyledon (1p ineh io 
making, howevar, in their conro somo height) traced on hore 
conspicuous flexures Beforo wo know fy 1otbeexOct lithe 
how groatly ordinary elrournputation was 
modified by a lateral light, some seedling oats, with rather old 
and therefore not highly sensitive cotyledons, were placed in 
front of a north-ast window, towards whioh they bent all day in 
watrongly zigzag course. On tho following day they continnod 
to bend in the same direction (Fig. 180), bat zlgengged much 
lesa, The sky, however, became betwoon 1240 and 286 ras. 
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overcast with extraordinarily dark thunder-clouds, and it was 
interesting to note how plainly the cotyledons ciroumnutated 
during this interval, 


Fig, 170, 


31,(45 of inch in height) towards « moderately bright 
20 Aot. to 11,30 4.x. Sept 18th, Figuro reduced to 


4 


sh glass 


heli it of hy 
latrepla wareraent of ‘hy poco 


Fight, traret on « horiaontal 
eom-thind of origianl scale, 


gronestess ? 
tal 
ink of 


+ 
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‘The foregoing observations are of some 
valuo, from having been mado when we were 
‘not attending to heliotropisin; and they led 
‘us to experiment on several kinds of seed- 
Linge, by exposing thom toa dim Interal light, 
80 -a8 to observe the gradations betwoen 
ordinary circumnutation and 7 


Seodlings 

and about a yard from, a north-east window; 
on cach side and over the pots black boards 
wore placed; in the rear the pots wore open 
to the diffused Light of the room, which 
had # second north-east and a north-west 
window, By hanging up one or more blinds 
before the window where the seedlings stood, 
it was easy to dim the light, so that very 
little more entered on this sido than on the 
opposite one, which received the diffused 
light of the room. Late in the evening the 
Dlinds wore muccesnively removed, and ax tho 


soazmer on a horizontal glass cover; a fine 
glass filament with little triangles of pxper 


bo traced on a vortical glass, parullel to the 
window, and at right angles to the horlaontal 
gins 


cover. 
Apios gravectens.—Tho hypecoty] bends in fow hours rectan- 
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gularly towards a bright lateral light, In order to ascertain 
how straight # course it would pursue when fairly well illumi- 
nated on one aide, seedlings were first placed before a south-west 
window on a clondy and rainy morning ; and the movement of 
two hypocotyls wore traced for $h,, during which time they 
became greatly bowed towards the light. One of thess tracings 
is given on p. 422 (Fig, 170), and th conrsn may be seen to be 
almost straight. But the amount of light on this occasion was 
superfluous, for two ecedlings were placed before a north-east 
window, protected by un ordinary linen and two muslin blinds, 
yot their hypocotyls moved towards thia rathor dim light in 
only slightly xigzag lines; but after 4 p.t., a8 the Hight waned, 
the lines became distinotly sigang. One of these seedlings, 
moreover, deseribed in the afternoon an ollipse of considerable 
size, with its longer axis directed towards the window, 

We now determined that the light should be made dim 
enough, so wo began by exposing several seedlings before a 
north-east window, protected by one linen blind, threo muslin 
blinds, and a towel. But so little light entered that: a pencil 
cast no perceptible shadow on a white card, and the hypocotyls 
did not bend at all towards the window, During this time, 
from &15 to 10.50 4a, the hypocotyls zigzagged or ciroum> 
nutated noar the samo spot, aa may bo soon at A, in Fig. 171. 
‘The towel, therefore, was removed at 10,60 a.m, and replaced 
by two muslin blinds, and now the Light passed through 
one ordinary linen and four muslin blinds, When a pencil 
was held upright on a card close to the scvdlings, it cast 
shadow (pointing from the window) which could only just 
bo distingnishod, Yet this very elight excoms of light on 
one sido sufficed to cause the hypocotyls of all the seedlings 
immediately to begin bending in aigzag Mines towards the 
window, ‘Tho course of one is shown at A (Fig. 171): after 
moving towards the window from 10.00 aw, to L248 pat, it 
bent from the window, and then returned in a nearly parallel 
lino; that is, it almost comploted between 1248 and 2 rac. 
@ narrow ellipse Late in the evening, as the light waned, 
the hypocotyl ceased to bend towards the window, and cireum- 
mutated on a small sealo round tho samo spot; during the night 
it moved considerably backwards, that ia, became more upright, 
through the action of apogeotropiam. At B, we have a tracing 
of tho movements of another xcodling front the hour (100 A.2.) 
when the towel was removed; and it is in all essential respects 
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similar to the previous one, Ih these two cases there could be 
no doubt that the ordinary circumnutating movement of the 
hypocotyl was modified and rendered heliotropic. 


Fig. 171. 





0 Sam, 
a 
Ayios graveotens : hlictrople movenent and cireumnatation of the hypo= 
‘cutsls of tav scollings towards « dim lateral light, traces! ca ahorhgontad 
glam during the dey. Tho broken lines show their retura nocturnal 
foarver, Heieht of hypocotyl of AS, and of B°SS inch. Figare redtiond 
to opovhal? of origihel oealee 


Brawion olerocea—Tho hypossty! of the eabhage, when not 
disturbed by a laternl light, circummutates in a complicated 
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manner over nearly the same apace, and a figure formerly given 
ia hore reproduced (Fig. 172). If the hypocotyl in expoted to 
a moderately strong lateral light it moves quickly towards thin 
side, tmvelling in a straight, or nearly straight, line, But when 
tho lateral light is very dim its course is extremely tortuous, and 
evidently consists of modified circumnutation. Seedlings were 

placed before a north-east window, protected by n linen and 
muslin blind and by a towel, ‘Tho sky waa cloudy, and when- 
‘ever the clouds grew a little lightor an additional muslin blind 
was temporarily suspended. The light from the window was 


Fig. 172, 


Brassion oleracea : ordinary cireumnutating movement of the hypocotyl of 
a seedling plant, 


thus so much obscured that, judging by the unassisted eyo, the 
seedlings appeared to receive moro light from the interior 
of tho room than from the window; but this was not really 
the case, as was shown by a very faint shadow cast by a pencil 
on » card, Nevortholoss, this extremely small excess of light 
on one wide caused tho hypocotyls, which in the morning had 
stood upright, to bend at right angles towards the window, 
#0 that in the evening (after 4.23 vat) their course had to be 
‘tmeod on a vertical glass parallel to the window, It should be 
stated that at 8.80 rar, by which time the ky had become 
darker, the towel was temoved and replaced by an additional 
muslin blind, which itself was removed at 4 p.at,, the ekher Wo 
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blinds being left suspended. In Fig. 173 the course pursed, 
between 8.9 at and 7.10 vp. by one of the hypocotyls thus 
Fig. 173. 
Ssopus, 


CH 
\ bm 


me So " 


wos" 
Brasvica cleracen : heliotrople movement ami cireamnatation of  hrpecoty! 
serene very dim lateral light,tracel during L1 hours ea. beriseotal 
Joss im the morning, mvt on a Yerticnl glass in the evening, Figure 
Feltced to aue-thisd the orgiaal sale 
exposed ix shown. It may be observed that during the first 
16 ta, tho hypocoty! moved obliquely from tho light, and this, 
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no doubt, wns dno to ite then cireumnutating in this direction, 
Similar casos wero ropoatedly obsaryed, and a dim light rarely 
‘or never produced any efloct until from a quarter to three- 
quarters of an hour had elapsed, After 515 rat, by whieh 


‘time the light had become 
obsenre, tho hypocotyl 
Dogan to elxenmnutate 
about the eamospot, ‘The 
contrast between the two 
figures (172 and 178) 
would have bocn more 
striking, if they had been 
originally drawn on the 
kane senlo, and had been 
‘equally reduced. But the 
movernents shown in Fig. 
172wore at first more mag~ 
nified, and have been ro= 
duced to only one-half of 
the original scalo; wherons 
those in Fig. 173 were at 
first loss magnitted, and 
havo been reduced to o 
one-third scale, A tracing: 
made at the seme time 
with the last of tho 
movements of a second 
hypocotyl, presented a 
closely analogous appear 
ance; but it did not bend 
quitexomuch towands the 
light, and it oircumnu- 
tated rather more plainly. 

Phulavis Canariensis.— 
‘Theshonth-likecotylodona 
of this monocotyledonous 
plant were selected for 





Wig. 174, 
er90" 





“em, Sept, 

Canariennis : heliotropic movernent: 
and chreumantation of a rather old enty- 
Teton, towards a dal lateral light, traced 
‘on a horizontal gloas from &.1% A.st. Sept. 
‘16th to 7.45 408. 17th. Figure reduced: 
to one-third of original seale. 


trial, bocauee they aro yery sensitive to light and cireumnntate 
well, as formerly shown (soo Fig. 49, p. 63). Although we folt 
no doubt about the result, some soodlings were first placed 
before a south-west window on n moderately bright morving, and 
tho movements of ane were tmood. As is 80 common, it moved 





428 MODIFIED CIRCUMNUTATION, Cuar, VIE 


for the first 45 m. ina zignag line; it then felt the full Influence 
of the light, and travelled towarde it for the next 2h, 30xn. ia an 
almost ntraight linc, The tracing has not been given, os it waa 
almost identical with that of Apios under similar clreum- 
stances (Fig. 170), By noon it had bowed itself to its full 
extent; it then circumnutated about tho same spot and described 
‘two ellipses; by 6 ram. it had retreated considerably from the 
light, through the action of apogeotropiam, After some pre 
liminary trials for agcortaining tho right dogroo of obscurity, 
some seedlings were placed (Sept. 16th) before » north-east 
window, and Light was admitted throngh an ordinary Hnen 
and threo muslin blinds, A pencil held close by the pot now 
cust a very faint shadow on a white card, pointing from the 
window, In tho ovoning, at 4.30, and again at 6 v.at., some of 
tho blinds were removed. In Fig. 174 wo seo the course pursued 
under these circumstances by » rather old and not very sensitive 
cotyledon, 1°9 inch in height, which became mach bowed, 
bat was never rectangularly bent towards tho light, From 
11 Aat, when the sky became rather duller, until 680 rot, the 
sigungging was conspicuous, and evidentiy consisted of drawn~ 
out ellipees. After 6,30 rt, and during tho night, it retreated 
in a crooked Line from the window, Another and younger seed- 
ling moved during tho same time much more quickly and toa 
much greater distance, in an only slightly zigzag line towards 


opicotyls wore bending towards tho window, dote wore made 
every 6 or 6 minutes, ia order to detect any trace of lateral 
movement, but there waa hantly any; and the Hines 

their junction wore nearly straight, or only very slightly zigzag, 
as in the other parts of the figures, After the epicotyls had 
bowed themselves to the fall extent towards the light, ellipess 
of considerablo size wero described in tho usual manner, ‘ 
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After having scen how the epfcatyls moved towards a modo- 
rately bright light, seedlings were placed at 7.48 a.s1, Sept. 7th) 
before a north-st window, corored by « towel, and shortly 
afterwards by an ordinary linen blind, but the epicotyls still 
moved towards tho window. At 9,13.4.a,, two additional muslin 
Viinde were suspended, so that the eeudlings received very little 
more light from the window than from the interior of the room. 
Tho sky varied in brightness, and tho eoodlingn occasionally 
Pig. 175, 









FHS 

liotropic movement ard cireumautation of the eplooty! 
ing towards dull Iateral light, traced on = horizontal 
Figure reduced to one-half of the 


received for n short time less light from the window than from 
the opposite sido (as ascertained by tho shadow cust), and then 
‘one of the blinds was temporarily removed. In tho ovoning 
‘the blinds were taken away, one by one. The course pursued 
‘by nn epicoty! under these ciroumstances is shown in Fig. 17%. 
During the whol day, until 645 rat., it plainly bowed iteolf 
towards the light; and the tip moved over a considerable space. 
After 645 p.m, it moved backwards, or from the window, till 








‘than the previous one. Now, if the 
i light had boon only a little brighter, 
] theepicotyl would have bowed itaulf 
more to the light, as we may anfoly 
conclude from the provious trials; 
there would also havw been less 
Jateral movoment, and the ellipses or 
other figures would have been drawa 
‘out into a strongly marked xigeag 
line, with probably ono or two small 
loops etill formed. 1 the light had 
deen much brighter, we should hu¥o 
hud o slightly zigzag line, or one 
quito straight, for there would have 
been inore movement in the direc- 
‘Vion of the light, and much less from 
sido to sido, 

Sachs states that the older inter= 
nodes of this Tropmolum are aphe- 
Hiotopio; we therefore placed = 
plant, 114 inches high, in a box, 
Dlackoned within, but open on one 
side in front of a north-east window 
Tropaolwn majus: heliotropie without any blind. A filament wns 

movement aul circamuula fixed to tho third internode {roam 
risa lateral light, traced $80 summit on ono plant, and to 
‘8 horizontal glaw fom 8 the fourth internode of another. 
ioc menae ae mao nee aia 

ye enough, or the Light wis not sug 

bop erga alge ficluntly bright, to indues aphotio- 
tropism, for both planta bent slowly towards, instead of fro 
tho window during four days. ‘The course, during two days of 
the first-montioned internode, is given in Fig. 176 ; and we se 
that it cither circumnutated on @ smal! scale, or travelled im a 
sigzag line towards the light. We have thought this case of 
fevble heliotropismn in one of the older internodes of a plamt, 
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which, whilst young, is eo extremely sensitive to light, worth 


giving. 


Cassia tora, —'Tho cotyledons of this plant are extromely 
Wig. 177. 


sensitive to light, whilst the 

‘le ars much less 
sensitive than thoso of most 
other seedlings, as we had 
often observed with surprise. 
It seemed therefore worth 
while to trace their move- 
ments. Thoy were exposed 
to @ lateral light before a 
north-east window, which 
was at first covenxl merely, 
by o muslin blind, but a8 
the sky grow brighter about 
IL aM, an additional linen 
blind was suspended. After 
47.1. one blind and then the 
other was removed. The 
seodlings wore protectod on 
each sido and above, but ware 
open to the diffused light 
of tho room in the rar, Up- 
right filaments wore fixed to 
the hypocotyls of two soed- 
lings, which etood vertically 
inthe morning. Theaccom- 
panying fignre (Fig. 177) 
shows tho course pursued by 
one of them during twodays; 
but it should be particularly 
noticed that during tho 
second day the seedlings were 
kept in darkness, and. they 
then circurmnutated round 
nearly the same stuall space, 
On tho first day (Oct. 71h) 
the hypocoty! moved from 
8 aot to 1223 rot, toward 
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Cassia toraz heliot 
‘croupalation of» hypooniy ta 
inch in height) traced sire 
Hine from 8 4. wo 10.10 a One 
Also its cireusomation. in 
ieee from a Oct Bh to TAG 
au, Get. Oth, 


the light in o zigzag line, thon turned abruptly to the left 
and afterwards described a email ellipses, Another inegular 
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comploted botwoen 8 7.x, and about 530 Pt, 


ity] still bending towards the light. The hypocotyl 


was straight and upright in the morn- 
ing, but by 6 rm. its upper half was 
bowed towards the light, eo that the 
chord of the are thus formed stood at 
‘an angle of 20° with the perpendicular, 
After 6 y.0. its course was reversed 
through the action of spogeotropism, 
and it continued to bend from the 
window during the night, as shown by 
tho broken line, On the noxt day it 
was kopt in tho dark (excepting when 
each observation wus made by the aid 
of a taper), and the course followed: 
from 7 4,4, on the 8th to 7.45 a.m. om 
the 9th is here likewise shown. The 
Aifforence between the two parte of the 
figure (177), namely, that dovcribed 
during the daytime on the 7th, when 
exposed toa rather dim Interal Hight, 
ood that on tho Sth in darkness, is 
striking. ‘The diffurence consists in the 
line during the first day having been 
drawn out in tho direction of the light, 
‘The movements of the other seedling, 
traced under the samo clroumstances, 
wore clovcly eimilar, 

Aphetiotropism—We sncceeded in 
‘observing only two cases of apholioe 
tropism, for those aro somewhat rare; 
and the movements are generally so 
‘slow that thoy would have bean vary 
troublesome to trace, 

Bignonia oxpreolata—No organ of 
any plant,as far as we haveseen, bends 
away so quickly from the light as do 
the tendrils of this They 
are also remarkable from circum 
nutating much loss regularly than 
mostother tendrils, often 


remaining: 
Stationary; thoy dopond on apheliotropixm for coming into 
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contact with the trunks of trees.* The stom of a young plant 


Feat ceentivont ade tite eeieieonl tiem 
from the light. The first dot was made at 645 A, and by 
7.35 A.at. both tendrils folt tho full inflaonce of the light, for 
they moved straight away from it until 9.20 ao, when they 
elroumnntated for a time, still moving, but only a little, from 
the light (see Fig. 178 of tho loft-hand tendril). After 3 rat. 
they again moved rapidly away from the light in zigeg lines. 
By a late hour in the evening both had moved so far, that 
thoy pointed in o direct line from the light. During the night 
they returned a little in a nearly opposite direction. On the 
following morning they again moved from tho light and con- 
‘vorged, so that by the evoning they had bocome interlocked, 
atill pointing from the light. The right-hand tendril, whilst 
converging, xigzagged much moro than the one figured. Both 
tracings showed that the apheliotropic movement was a modi- 
fied form of circummutation. 

Cyclamen Persicum.—Whilst this plantis in fowor the peduncles 
stand upright, but their uppermost part is hooked so that the 
flower itself hangs downwanls, As soan as tha pods begin to 
‘swell, the peduncles increaee much in length and slowly curve 
downwards, but the short, upper, hooked part straightons itself, 
Ultimately the pods reach tho ground, and if this is covered 
‘with moss or dead leaves, thoy bury themselves. Wo have often 
teen asucer-like depressions formed by the pods in damp sand 
or sawdust; and ous pod (-3 of inch in diameter) buried iteel? 
in mawdust for throo-quartors of ite longth.t We shall have 
occasion hereafter to consider the object gained by this burying 
process, ‘The peduncles can change the direction of their car- 
vaturo, for if a pot, with plants having their peduncles already 
bowed downwards, be placed horizontally, they slowly bend 
at right angles to thelr former direction towards the centre of 
the earth. We therefore at firet attributed the movoment to 
secotropiam ; bat « pot which hed Inin horizontally with the pods 


* «The Movements and Habits — Loic y Kini 1. 
<* Giinbiag rae LenS, pie” the, pode, fort i 
‘he podwneles of  sevoral — exrth. sho. ‘Grenian ai 
Series of Oyelamen twist = ‘Florede France too I 
vem into a spire, and ae« 
curding to Erasmine Darwis (*Bo- 
2" 
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all painting to the ground, wos reversed, being atill kept hori 
aot #0 that the pods now pointed directly upwards; it was 

thon placed ina dark cupboard, bnt the pola still pointed mp- 
wardoufter four days and nights. ‘Tho pot, in the eame position, 
was next brought back into the light, and after two days there: 
was some bonding downwards of the peduncles, and on tho fourth 
day two of them pointed to the contre of the earth, as did the 
others after un additional day or two. Another plant, ina pot 
which had always stood upright, wax left in the dark eupboand 
for aixdoys ; it bore 3 peduncles, and only one became within this 


Fig. 179, 








~ 


Cyclamen Porsicwn : downward apheliotroplo movement ofa flower-pedunele, 
greatly magnitied (about 47 times?), traced on n herlsental giaes frat 
Prat Fob. I8th ty 8 As, 21a, 


time at al] bowed downwards, and that doubtfully. Too welekl 
therefore, of the pods is not the cause of the bending down. 
‘This pot was then brought back into the light, and after three 
days the poduncies were considerably bowed downwards, We 
ero thes Jed to infer that the downward curvature is duc to 
apheliotropism; though more trinks ought to have been made. 
In onder (6 observe the nature of this movemont, a podemele 
bearing a large pod which bad reached and rested om the 
ground, was lifted » little up and secured to a stick, A filament 
was fixed seroes the pod with a mark beneath, and its movo- 
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‘mont, greatly magnified, was traced on a horizontal glass during 
67h, ‘The plant was illuminated during the day from above, A 
copy of the tracing is given on p. 434 (Fig. 179); and there can 
be no doubt that the descending movement is one of modified 
eireumnutation, but on an extremely small scale, ‘The obmervie 
tion was repeated on another pod, which had partially buriod 
itself in sawdust, and which was lifted up a quarter of an inch 
above the surface; it described three very small circles in 24h. 
Considoring the groat length and thinness of tho peduncles 
and the lightness of the pods, we may conclude that thoy 
would not be able to exeavate siucer-like depressions tn sand 
or sawdust, or bury themselves in mous, &c., unlewe they wer 
aided by their continued rocking of circumnutating movo- 
ment. 

Relation between Cireumnutation and Hetiotropism— 
Any one who will look at the foregoing diagrans, 
showing the movements of the stems of various plants 
towards a lateral and more or less dimmed light, will 
be forced to admit that ordinary cireumnutation and 
heliotropism graduate into one another. When a 
plant is exposed to a dim lateral light and continues 
during the whole day bonding towards it, receding 
late in the evening, the movement unquestionably is 
one of heliotropism. Now, in the case of Tropieolum 
(Pig. 175) the stem or epicoty! obviously circumnu- 
tated during the whole day, and yet it continued at 
the same time to move heliotropically; this latter 
movement being effected by the apex of each eucces- 
sive elongated figure or ellipse standing nearer to 
the light than the previous one. In the case of 
Cassia (Fig. 177) the comparison of the movement of 
the hypocotyl, when exposed to a dim lateral light and 
to darknoss, is very instructive; as is that between 
the ordinary circumputating movement of a seedling 
Brassica (Figs. 172, 178), or that of Phalaris (Figs. 
49, 174), and their heliotropic movement towards a 
window protected by blinds, In both these cases, 

tee 
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and in many others, it was interesting to notice how 
gradually the stems began to circumnutate as the 
light waned in the evening. We have therefore many 
kinds of gradations from a movement towards the light, 
which must be considered ag one of circumnutation 
very slightly modified and still consisting of ellipses 
or circles,—though a movement more or less strongly 
zigzag, with loops or ellipses occasionally formed,—to 
a nearly straight, or even quite straight, heliotropic 
course. 

A plant, when exposed to a lateral light, though 
this may be bright, commonly moves at first in a 
zigzag line, or even diroctly from the light; and 
this no doubt is due to its cireumnutating at the 
time in a direction either opposite to the eouree of 
the light, or more or loss transversely to it. As soon, 
however, as the direction of the circumnutating move- 
ment nearly coincides with that of the entering light, 
the plant bends in a straight course towards the light, 
if this is bright, The course appears to be rendered 
more and more rapid and rectilinear, in accordance with 
the degree of brightness of the light—firstly, by the 
longer axes of the elliptical figures, which the plant 
continues to deseribe as long as the light remains very 
dim, being directed more or less accurately towards 
its source, and by each suecessive ellipse being de- 
scribed nearer to the light. Secondly, if the light 
is only somewhat dimmed, by the acceleration and 
increase of the movement towards it, and by the 
retardation or arrestment of that from the light, some 
lateral movement being still retained, for the light 
will interfere less with a movement at right angles 
to its direction, than with one in its own direction.* 


* In his popor, ‘Ueber ortho- — thello’ (* Artelten dea Bot, Inst. 
trope und plagiotope Pianmn- in Wiraburg,’ Band ii, Holt ti. 
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‘Tho result is that the course ig rendered more or less 
zigzag and unequal in rate. Lastly, when the light 
is very bright all lateral movement is lost; and the 
whole energy of the plant is expended in rendering 
the circumnntating movement rectilinear and rapid in 
one direction alone, namely, towards the light. 

The common view seems to be that heliotropism is 
a quite distinet kind of movement from cireumnuta- 
tion; and it may be urged that in the foregoing 
diagrams we see heliotropism merely combined with, 
or superimposed on, cireumnutation. But if so, it must 
be assumed that a bright Interal light completely 
stops cireumnutation, fora plant thus exposed moves 
ina straight line towards it, without describing any 
ellipses or circles, If the light be somewhat obscured, 
though amply sufficient to cause the plant to bend 
towards it, we have moro or leas plain evidence of still- 
continued cireumnotation. It must farther be assumed 
that it is only a lateral light which has this extrac 
dinary power of stopping circumnutation, for we know 
that the several plants above experimented on, and 
all the others which were observed by us whilst grow- 
ing, continue to cireumnutate, however bright the light 
may be, if it comes from above, Nor should it be 
forgotton that in the life of each plant, cireumnuta- 
tion precedes heliotropism, for hypocotyls, epicotyls, 
and petioles circummutate before they have broken 
through the ground and have ever felt the influence of 
light. 

We are therefore fully justified, as it seems to us, in 
believing that whenever light enters laterally, it is the 
Tera) Ratha lsc Aaoagens of pA ses wi 
Hlocorlan are Atlee by aie Ineout once 
ferouces in the augles at whieh 
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movement of circumnutation which gives rise to, or is 
conyerted into, heliotropism and apheliotropism. On 
this view we need not assume against all analogy that 
a lateral light entirely stops cireumnutation ; it merely 
excites the plant to modify its movement for a time 
ina benoficial manner, The existence of every pos- 
sible gradation, between a straight course towards # 
lateral light and « course consisting of » series of loops: 
or ellipses, becomes perfectly intelligible. Finally, 
the conversion of cireumnutation into heliotropism or 
apheliotropism, is closely analogous to what takes place 
with sleeping plants, which during the daytime de~ 
scribe one or more ellipses, often moving in zigzag lines 
and making little loops; for when they begin in the 
evening to go to sleep, they likewise expend all their 
energy in rendering their courso rectilinear and mpid. 
In the case of sleep-movements, the exciting or regu= 
lating cause is a difference in the intensity of the 
light, coming from above, at different periods of the 
twenty-four hours; whilst with heliotropie and aphe- 
liotropic movements, it is a difference in the intensity 
of the light on the two sides of the plant. 
Transversal-heliotropismus (of Frank *) or Diahelio- 
tropsm—The cause of leaves placing themselves 
more or less transversely to the light, with their 
upper surfaces directed towards it, has been of late 
the subject of much controversy. We do not here 
refer to the object of the movement, which no doubt 
is that their upper surfaces may be fully illuminated, 
but the means by which this position is gained. 
Hardly a better or more simple instance can be given 


7, Die mattriahs Wagumehte Frage cer Tranarensl Gand 
Riehtung von Helotropiamus” * Bot. Zelsung.! 
Tei0, Kew sso som Teresi 1873, pu 17 ef sey. 

articles by the same author, ® Zur 
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of dinheliotropism than that offered by many seed- 
lings, the cotyledons of which are extended hori- 
zontally, When they first burst from their seed-coats 
they are in contact and stand in various positions, 
often vertically upwards; they soon diverge, and this 
is effected by cpinasty, which, as we have seen, is a 
modified form of cireumnutation. After they have 
diverged to their full extent, they retain neatly the 
same position, though brightly illuminated all day 
long from above, with their lower surfaces close to the 
ground and thus much shaded, ‘There is therefore a 
great contrast. in the degree of illumination of their 
upper and lower surfaces, and if they were heliotropie 
they would bend quickly upwards. ‘It must not, how- 
ever, be supposed that such cotyledons are immovably 
fixed in o horizontal position. When seedlings are 
exposed before a window, their hypocotyls, which aro 
highly heliotropie, bend quickly towards it, and the 
upper surfaces of their cotyledons still remain ex- 
posed at right angles to the light; but if the bypo- 
cotyl is sccured so that it cannot bend, the cotyledons 
thomselves change their position. If the two are 
placed in the line of the entering light, the one 
farthest from it rises up and that nearest to it often 
sinks down; if placed transversely to the light, they 
twist a little laterally; so that in every case they 
endeavour to place their upper surfaces at right angles 
to the light. So it notoriously is with the leaves on 
plants nailed against a wall, or grown in front of a 
window. A moderate amount of light suffices to in- 
duce such movements; all that is necessary is that the 
light should steadily strike the plants in an oblique 
direction. With respect to the above twisting move- 
ment of cotyledons, Frank has given many and much 
more striking instances in the case of the leayes on 
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branches which had been fastened in various positions 
or turned upside down. 

In our observations on the cotyledons of seedling 
plants, we often felt surprise at their persistent hori- 
zontal position during the day, and were convinced: 
sere we had read Frank’s essay, that some special 

ion was necessary. Do Vries has shown™ 
sha Githetannse or'lae horizontal position of leaves is 
in most cuses influenced by epinasty, by their own 
weight, and by apogeotropism. A young 
or leaf after bursting free is brought: down into its 
proper position, as already remarked, by epinasty, 
which, according to De Vries, long continues to act 
on the midribs and petioles, Weight can hardly be 
influential in the case of cotyledons, except in a few 
cases presently to be mentioned, but must be so with 
large and thick leaves, With reapect to apogeotropism, 
De Vries maintains that it gonerally comes into play, 
and of this fact we shall presently advance some 
indirect evidence. But over these and other constant: 
forces we believe that there is in many eases, but we 
do not say in all, a preponderant tendency in leaves 
and cotyledons to place themselves more or less trans- 
versely with respect to the light. 

Tn the cases above alluded to of seedlings exposed 
to @ lateral light with their hypocotyls secured, it is 
impossible that epinasty, weight and aj 
either in opposition or combined, can be the canse of 
the rising of one cotyledon, and of the sinking of the 
other, since the forces in question act equally on both ; 
and since opinasty, weight and apogeotropism all act 
in a vertical plane, they cannot cause the twisting of 
the petioles, which ocenrs in seedlings under the 


+ Arbelton dew Bot, Iostituts ia Wornburg,’ Heft. 1 
od jhtalton Worsburg,’ Heft, ih 1872, pp 
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aboye conditions of illumination, All these movements 
evidently depend in some manner on the obliquity of 
the light, but cannot be called heliotropic, as this 
implies bending towards the light; whereas the coty- 
ledon nearest to the light bends in an opposed direo- 
tion or downwards, and both place themselves as nearly 
ag possible at right angles to the light. The move- 
ment, therefore, deserves a distinet name. As eoty+ 
ledons and leaves are continually oscillating up and 
down, and yet retain all day long their proper position 
with their upper surfaces directed transversely to the 
light, and if displaced reassume this position, dia- 
heliotropisim must be considered as a modified form of 
circumnutation, ‘This was often evident when the 
movements of cotyledons standing in front of a window 
were traced. We see something analogous in the case 
of sleeping leaves or cotyledons, which after oscillating 
up and down during the whole day, rise into a vertical 
position late in the evening, and on the following 
morning sink down again into their horizontal or dia- 
heliotropic position, in direct opposition to heliotro- 
pism. ‘This return into their diurnal position, which 
often requires an angular movement of 90°, ix analo~ 
gous to the movement of leaves on displaced 
which recover their former positions, It deserves 
notice that any force such as apogeotropism, will act 
with different degrees of power* in the difforent 
tions of those leaves or cotyledons which oscillate 
largely up and down daring the day; and yet they 
recover their horizontal or diaheliotropic position, 

We may therefore conclude that diaheliotropic 
movements eannot be fully explained by the direet 
action of light, gravitation, weight, We, any more 


* Se9 former note, in reference to Such’ remarks on this stbjask. 
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than can the nyctitropic movements of cotyledons 
and leaves. In the latter case they place themselves 
so that their upper surfaces may mdiate at night 
‘as little ns possible into open space, with the upper 
surfaces of the opposite leaflets often in contact. These 
movements, which are sometimes extremely complex, 
are regulated, though not directly caused, by the alter 
nations of light and darkness, In the caso of dinhelio- 
tropism, cotyledons and leaves place themselves so 
that their upper surfaces may be exposed to the light. 
and this movement is regulated, thongh not directly 
caused, by the direction whence the light proceeds. In 
both cases the movement consists of circumnutation 
modified by innate or constitutional causes, in the 
same manner as with climbing plants, the cireumnu- 
tation of which is increased in amplitude and rendered 
more circular, or again with very young cotyledons 
and leaves which are thus brought down into a hori« 
zontal position by epinasty. 

We have hitherto referred only to those leaves and 
cotyledons which occupy a permanently horizontal 
position; but many stand more or less obliquely, and 
some few upright, Tho canse of these differences of 
position isnot known; butin accordance with Wiesner's 
views, herenfter to be given, it is probable that some 
leaves and cotyledons would suffer, if they were fully 
illuminated by standing at right angles to the light. 

Wo have seen in the second and fourth chapters 
that those cotyledons and leayes which do not alter 
their positions at night sufficiently to be said to sleep, 
commonly rise a little in the evening and fall again 
on the next morning, so that they stand during the 
night at a rather higher inclination than during the 
middle of the day. It is incredible that a rising 
movement of 2° or 3°, or even of 10° or 20°, can be of 
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any service to the plant, 20 as to have been specially 
acquired. It must be the result of some periodical 
change in the conditions to which they are subjected, 
and there can hardly be a doubt that this is the daily 
alternations of light and darkness. De Vries states in 
the paper before referred to, that most petioles and 
inidribs are apogeotropic;* und apogeotropism would 
account for the above rising movement, which is com= 
mon tose many widely distinct species, if we suppose it 
to be conquered by diaholiotropism during the middle 
of the day, as long as it is of importance to the plant 
that its cotyledons and leaves should be fully exposed 
to the light. The exact hourin the afternoon at which - 
they begin to bend slightly upwards, and the extent of 
the movement, will depend on their degree of sen- 
sitiveness to gravitation and on their power of resist- 
ing its action during the middle of the day, as well as 
on the amplitude of their ordinary circumnutating 
movements; and as these qualities differ much in dif- 
ferent species, we might expect that the hour in the 
afternoon at which they begin to rise would differ 
much in different species, ax is the case. Some other 
agency, however, besides apogeotropism, must come 
into play, cither directly or indircetly, in this upward 
movement. Thus a young bean (Vicia faba), growing 
in a small pot, was placed in front of a window in a 
klinostat; and at night the leaves rose a little, lpn 


+ Aeidetag 6 Brune Die lonpcbe Dal eed hag opt in inthe 
nat. Wagrechte ‘Riohtung ton dark, the amouut of water and of 
Pitanzent! 3 1870, p, #6) the eee mntter eons ed ad 
root-leayes of many plants, 0 touch all vheir 

in darkness, rise up anil even bo- Sone uch digs 
ome vertial; and agit fa in some irae att I eee task io 
‘onxos with novernenty 

hoff, Arie otrlanaalaee, 


tom. 82) Inorements nf Goilewski, “Bot 
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the action of apogeotropism was quite eliminated. 
Nevertheless, they did not rise nearly so much at 
night, os when subjected to apogeotropism. Ts it 
not possible, or even probable, that leaves and coty= 
ledons, which have moved upwards in the evening 
through the action of apogeotropism during countless 
genorations, may inherit » tendency to this movement ? 
We have seen that the hypocotyls of several Legu- 
minous plants have from a remote period inherited a 
tendency to arch themselves; and wo know that the 
sleep-movements of leaves are to a certain extent 
inherited, independently of the alternations of light 
and darkness. 

In our observations on the circurnnutation of those 
cotyledons and leaves which do not sleep at night, we 
met with hardly any distinct cuses of their sinking 
a little in the evening, and rising again in the morne 
ing,—that is, of movements the reverse of those just 

We have no doubt that such cases ocenr, 
inasmuch as tho loaves of many plants sleep by 
sinking vertically downwards, How to account for the 
few cases which were observed must be Jeft doubtful, 
The young leaves of Cannabis sativa sink at night 
between 30° and 40° beneath the horizon; ond Kraus 
attributes this to epinasty in conjunction with tho 
absorption of water. Whenever epinastic growth is 
vigorous, it might conquer diaheliotropism in the 
evening, at which time it would be of no import- 
ance to the plant to keop ite leaves horizontal. 
The cotyledons of Anoda Wrightii, of one yariety of 
Gossypium, and of several species of Tpomana, remain 
horizmtal in the evening whilst they are very young; 
as they grow a little older they curve a little down- 
wards, and when large and heayy sink so much that 
they come under our definition of sleep. In the caso of 
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the Anoda and of some species of Tpomcea, it was proved 
that the downward movement did not depend on the 
weight of the cotyledons ; but from the fact of the move- 
ment being so much more strongly pronounced after 
the cotyledons have grown large and heavy, we may 
suspect that their weight aboriginally played some part 
in determining that the modification of the cireum- 
nutating movement should be in a downward direction. 

The so-called Diwrnal Sleep of Leaves, or Paraheliow 
fropism,—This is another class of movements, dependent 
on the action of light, which supports to some extent 
the belief that the movements above described are 
only indirectly due to its action, Woe refer to the 
movements of leaves and cotyledons which when 
moderately illuminated are diaheliotropie ; but which 
change their positions and present their edges to the 
light, when the sun shines brightly on them. These 
movements have sometimes been culled diurnal sleep, 
but they differ wholly with respect to the objec 
gained from those properly called nyetitropic; and in 
some cases the position occupied during the day is the 
reverse of that during the night. 


Te has long been known* that when the sun shines brightly 
on the loaflote of Robinia, they rise up and present their edges 
to the light; whilst their position at night is vertically down- 
wards, We have observed the same movement, when the 
sun shone brightly on the leaflets of an Australian Acscia, 
‘Those of Amphicarpea monoica turned their edges to the sun; 
and an analogous movement of the little almost rudimentary 
‘basal loatlote of Mimosa a/bida was on ono occasion wo rapid that 
it could be distinctly seen through a lens, ‘The elongated, nui- 
folinte, first leaves of Phaseolus Roxburghii atood at T Axt at 20° 
above tho horizon, and no doubt they afterwarde sank a little 
lower, At noon, after having been exposed for about 2b. to 


* Pfoffer gives the names and dutes of several ancient writers in his 
“Dio Porfodisoben Beworungen, 1875, p. 62. 





446 MODIFIED CIRCUMNUTATION. — Cusr. VIE 


@ bright sun, they stood at 58° above the horizon; they were 
lnnhated base abun eat cher Ba ey had allen peter 
illuminated from above, and after 80m. they bad fallen 40°, for 
‘they now stood at only 16° above the horizon. Some 

plants of /asolns Hernandent had been exposed ta the same 
bright sunlight, and their broad, unifoliate, first leaven now 
stood up almost or quite vertically, a8 did many of the leaflets 
on the trifoliate secondary loaves; bat some of the leaflets had 


rising, #0 us to present their edges to the sun, ‘The leaflets on 
the samo leaf sometimes behaved in these two different tm: 

but always with the remlt of being loss intensely illumi: 
‘These plants were then protected from the sun, and were looked 
at after 1p h.; and now all the leaves and loatlets had te 
assumed their ordinary eub-horixontal positions. ‘The coppers 
colonmd cotyledons of some seedlings of Cassia mimosoides were 
horizontal in the morning, but after the sun had shone on 
them, each had risen 454° above the horizon. ‘The movement 
in thess several cases must not be confounded with the sudden 
closing of tho leaflets of Mimosa pudiea, which may sometimes 
be noticod when a plant which has been kept fn an obscure 
place is suddenly exposed to the sun ; for in this case the light 
soorns to act, as if it were a touch. 

From Prof, Wiesner’s interesting observations, it is 
‘that the above movements have been acquired for a 
purpose, ‘The chlorophyll in leaves is often dnjured 
intense a light, and Prof. Wiesner* believes that it is 
by the most diversified means, such ax the presence 
colouring matter, &¢., and amongst other means by tho leat 
presenting their edgos to the sun, 80 that the bindes 
receive 1uuich lew light. He experimented on the young 
of Robinia, by fixing them in such a position thut they 
not escape being intensely illuminated, whilst others 
allowed to place themselves obliquely; and the former 
wuffer from the light in the eonrse of two days, 

In Hal ON AR re RA vies ee dealicta eye Giles 
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or twist laterally, 10 an to place theiredges in the direction of the 
sun's light; but Cobn long ago observed that the leaflets of 
Oxalix bond downwards when fully exposed to the «un, We 
witnessed a striking instanco of this movoment in the very 
large leaflets of U. Orteesit. A similar movement may fro~ 
quently be clerved with the leaflets of Averrhow bilimbi (a 
mombor of tho Oxalidm); and @ leaf is here represented (Fig. 
180) on which the san bad shone, A diagram (Pig: 134) was 
given in the last chapter, representing the oscillations by whieh 
1 loaflot mpidly dewconded under these eirvurastances; and the 
movement may be seen closely to resemble that (Fig, 193) by 








Fig, 180, 








leaf with leoflets depressed after exposure to sunshine; 
ts avo sonictimes more depressed than i here shown. 
Figure much reduoed, 


which it assumed ite nocturnal position, It is an intorosting 
fact in relation to our present subject that, as Prof. Batalin 
informs ux in a letter, dated February, 1879, the leaflets of 
Owalia acetorolla may bo daily exponed to the aun during many 
wooks, and they do not suffer if they are allowed to depress 
themselves; but if this be prevented, they lose their colour and 
withor in two or three days. Yet the duration of a loaf ia about 
two months, whon snbjected only to diffused light; and in this 
ease the lewflots never sink downwards during the day. 


As the upward movements of the leaflots of Robinia, 
and the downward movements of those of Oxalis, have: 
been proved to be highly beneficial to these plants 
when subjected to bright sunshine, it seems probable 
that they have been acquired for the special purpoe 
of avoiding too intense an illumination, As it would 
have been very troublesome in all the above cases to 
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have watched for a fitting opportunity and to have 
traced the movement of the leaves whilst they were 
fully exposed to the sunshine, we did not ascertain 
whether paraheliotropiam always consisted of modi- 
fied circumnutation ; but this certainly was the case 
with the Averrhoa, and probably with the other species, 
as their leaves were continually circumnutating. 
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CHAPTER IX. 
Sewarivesees ur Possre ro Ligay: 14 TRANSMITTED ErrEcrs, 


Ue of heliotpism—Inacetivarous and el{mbing plants not heliotropie 
—Same organ heliutropie at one age and not at wnother—Kxtra- 
ordinary eensitivences of some plants to light—The effects of light do 


not correspond with ite intensity—Lffecte of provious illumination 
—Time roquized for the action of light—After-offvots of light— 
Apogeotropicm oats aa von us light tuilk—Acourocy with which 
plants bend to the light-—This dependent on the illumination of 
‘one whole aide of the part=Lovalised scnsitivencss wo light and its 
transmitted eilects—Cotylodens of Phalaris, amnner of bending— 
Results of the exclusiou of Light from thelr tips—Efacts trans 
mitted beneath the surface of the ground—Lateral flumioation of 
tlo tip determines the dirwetfon of the curvature of the base Coty 
Tedons of Avenn, curvature of basal part due to the filnmiuntion of 
Upper part—Sinilar rol with the hypocotyl of Brasiow and 
ia Bila of Mioaplsopbaiohepa das to he sestiresens ot 
‘their tip»—Conchuding remutks and summary of chapter—Mewne 
by which cirenmnutation hax beon converted inte Steomen or 
apheliotropism. 


No one can look at the plants growing on a bank or 
on the borders of a thick wood, and doubt that the 
young stems and leayes place themselves eo that the 
leaves may be well illuminated. They are thus enabled 
to decompose carbonic acid. But the sheath-like eoty- 
ledons of some (traminew, for instance, those of Pha- 
laris, are not green and contain very little starch; 
from which fact we may infer that they decompose 
little or no carbonic acid. Nevertheless, they are ex- 
tremely heliotropic; and this probably serves them in 
another way, namely, as a guide from the buried seeds 
through fissures in the ground or through overlying 
maasos of vegotation, into the light and air. This yiow 
2a 
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is strengthened by the fact that with Phalaris and 
Avena the first true leaf, which is bright green and no 
doubt decomposes carbonic acid, exhibits hardly a 
trace of heliotropisin. ‘The heliotropie movements of 
many other seedlings probably aid them in like 
manner in emerging from the ground; for apegeo- 
tropism by itself would blindly guide them upwards, 
against any overlying obstacle. 

Heliotropism prevails so extensively among the 
higher plants, that there are extremely few, of whieh 
some part, either the stem, flower-peduncle, petiole, 
or leaf, does not bend towards a lateral light. 
Drowera votundifolia is one of the few plants the 
leaves of which exhibit no trace of heliotropism, Nor 
could we see any in Dionwa, though the plants were 
not so carefully observed. Sir J. Hooker exposed the 
pitchers of Sarmeenia for some time to a lateral light, 
but they did not bend towards it.* We can understand 
the reason why these insectivorous plants should not 
be heliotropie, as they do not live chiefly by decom- 
posing carbonic acid ; and it is much more important 
to them that their leaves should oceupy the best 
position for capturing insects, than that they should 
be fully expased to the light, 

‘Tendrils, which consist of leaves or of other organs 
modified, and the stems of twining plants, aro, as 
Moh! long ago remarked, rarely heliotropic; and here 
again we can see the reason why, for if they had 
moved towards » lateral light they would have boen 
drawn away from their supports. But some tendrils are 
apheliotropie, for instance those of eines capreolats 


* According te ¥. Kunts(‘Ver- fonta, Col 
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and of Smilax aspera; and the stems of some plants 
which climb by rootlets, as those of the Tyy and Tecoma 
radicans, are likewise apheliotropic, and they thus find 
a support, Ihe leaves, on the other hand, of most 
climbing plants are heliotropic ; but we could detect 
no signs of any such movement in those of Mutisia 
clematis, 

As heliotropism is so widely prevalent, and as 
twining plants are distributed throughout the whole 
vascular series, the apparent absence of any tendency 
in their stems to bend towards the light, seemed to 
ug go remarkable a fact as to deserve further in- 
vestigation, for it implies that heliotropism can be 
readily eliminated. When twining plants are exposed 
to a lateral light, their stems go on revolving or oir 
cumnutating about the same spot, without any evident 
deflection towards the light; but we thought that 
we might detect some tee of heliotropism by com- 
paring the average rate at which the stems moved to 
and from the light during their successive revolutions,” 
Three young plants (about a foot in height) of Ipomaa 
ewrulea und four of I. purpurea, growing in separate 
pots, were placed on a bright day before a north-east 
window in a room otherwise darkened, with the tips 
of their revolving stems fronting the window. When 
the tip of cach plant pointed directly from the window, 
and when again towards it, the times were recorded. 
‘This was continued from 6.45 A.M, till a little after 
2p. on June 17th. After a few observations we 
concluded that we could safely estimate the time 
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taken by each semicircle, within a limit of error of at 
most S minutes. Although the rate of movement in 
different parts of the same revolution varied greatly, 
yet 22 semicircles to the light were completed, each 
on an average in 73:95 minutes; and 22 semicircles 
from the light each in 73-5 minutes. It may, there 
fore, be said that they travelled to and from the light 
at exactly the same average rate; though probably 
the accuracy of the result was in part accidental In 
the evening the stema were not in the least deflected 
towards the window. Nevertheless, there appears to 
exist a vestige of heliotropism, for with 6 out of the 
7 plants, the first semicirele from the light, described 
in the early morning after they had been subjected to 
darkness during the night and thus probubly rendered 
more sensitive, required rather more time, and the first 
semicircle to the light considerably less time, than the 
average. Thus with all 7 planta, taken together, the 
mean time of the first semicircle in the morning from 
tho light, was 768 minutes, instead of 735 minutes, 
which is the mean of all the semicircles during the 
day from the light; and the mean of the first semi- 
circle to the light was only 63:1, instead of 7305 
minutes, which was the mean of all the semicircles 
during the day to the light, 

Similar observations were made on Wistaria Sinensis, 
and the mean of 9 semicircles from the light was 
117 minutes, and of 7 somicireles to the light 122 
minntes, and this difference does not exceed the pro- 
bable limit of error. During the three days of expo- 
sure, the shoot did not become at all bent towards the 
window before which it stood. In this case the first 
semicircle from the light in the early morning of each 
day, required rather Jess time for its performance than 
did the first semicircle to tho light; and this result, 
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if not accidental, appears to indicate that the shoots 
retain a trace of an original apheliotropic tendency. 
With Lonicera brachypoda the semicircles from and to 
the light differed considerably in time; for 5 semi- 
circles from the light required on a mean 2024 
minutes, and 4 to the light, 229°5 minutes; but the 
shoot moved very irregularly, and under these circum 
stances the observations were much too few, 

It is remarkable that the same part on the same 
plant may be affected by light in a widely differont 
manner at different ages, and as it appears at different 
seasons. The hypocotyledonons stems of Ipomea 
ceorulea and purpurea are extremely heliotropic, whilst 
the stems of older plants, only about a foot in beight, 
are, a8 we have just seen, almost wholly insensible to 
light. Sachs states (and we have observed the same 
fuct) that. the hypocotyls of the Ivy (Hedera hatise) xe 
slightly heliotropic; whereas the stems of plants grown 
to a few inches in height become so strongly aphelio- 
tropic, that they bend at right angles away from the 
light. Nevertheless, some young plants which had 
Dehaved in this manner early in the summer again 
became distinctly heliotropie in the beginning of 
Soptember; and the zigzag courses of their stems, as 
they slowly curved towards a north-east window, wore 
traced during 10 days. ‘The stems of very young 
plants of Tropwolum majus are highly heliotropic, whilst 
those of older plants, according to Sachs, are slightly 
apheliotropic. In all these cases tho heliotropism of 
the vory young stems serves to expose the cotyledons, 
or when the cotyledons are hypogean the first trne 
leaves, fully to the light; and the loss of this power 
by the older stems, or their becoming spheliotropic, 
is connected with their habit of climbing. 

Most seedling plants are strongly heliotropie, and 
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it is no doubt a great advantage to them in their 
struggle for life to expose their cotyledons to the 
light as quickly and as fully as possible, for the sale 
of obtaining carbon. It has been shown in the first 
chwpter that the greater number of seedlings cireum~ 
nutate largely and rapidly; and as heliotropism con- 
sists of modified circumnutation, we are tempted to 
look at the high development of these two powers in 
seedlings as intimately connected. Whether there are 
any plants which circumnutato slowly and to a small 
extent, and yet are highly heliotropic, we do net 
know; but there are several, and there is nothing: 
surprising in this fact, which circumnutate largely and 
are not at all, or only slightly, heliotropic. Of such 
cases Drvera rotundifolia offers an excellent instunce, 
The stolons of the strawberry circumnutate. almost 
like the stems of climbing plants, and they are not at 
all affected by w moderate light; but when exposed 
Jato in the summer to a somewhat brighter light they” 
were slightly heliotropic; in sunlight, according to 
De Vries, they are apheliotropic, Climbing plants 
circumnutate much more widely than any other plants, 
yet they are not at all heliotropic. 

Although the stems of most seedling plants are 
strongly heliotropic, some few are but slightly helio~ 
tropic, without our being able to assign any reasem. 
This is the case with the hypocotyl of Cussia tora, and 
we wore struck with the same fact with some other 
seedlings, for instance, those of Reseda odorata, With 
respect to the degree of sensitiveness of the more 
sensitive kinds, it was shown im the last chapter thut 
seedlings of several species, placed before a north-east 
window protected by several blinds, and exposed in 
the rear to the diffused light of the room, moved 
with unerring certainty towards the window, although 


al 
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must have been extremely small. 
A pot with seedlings of Phalaris Canariensis, which 
had been raised in darkness, was in a com- 


pletely darkened room, at 12 feet avery sinall 
lamp. After 3 h, the cotyledons were doubtfully 
curved towards the light, and after 7 b. 40 m. from 
the first exposure, they were all ly, though 
slightly, curved towards the lamp. Now, at this dis- 
tance of 12 feet, the light was so obscure that we could 
not see the seedlings themselves, nor read the large 
Roman figures on the white face of a watch, nor see a 
peneil line on paper, but could just distinguish a line 
made with Indian ink. It is a more surprising fact 
that no visible shadow was east by a pencil held 
upright on a white card; the 

were acted on by a difference in the illumination of 
their two sides, which the human eye could not dis 
tingnish. On another occasion even a less di of 
light-antody fir suis) sof edastady Palas eae 
slightly curved towards the same lamp at a distance 
of 20 feet; at this distance we could not see a cir- 
cular dot 229 mm. (‘09 inch) in diameter made with 
Indian ink on white paper, thoagh we could just see a 
dot 356 mm. (‘14 inch) in diameter; yet a dot of 
the former size appears large when seen in the light.* 
We next tried how small a beam of light would wet 
as this bears on light serving as a guide to seedlings 
whilst they emerge through fissured or encumbered 
ground. A pot with seedlings of Phalaris was covered 


* Steasbunger ¢ Wickung Thenst ‘emstooowoas inveed ta 6 
dee Liebtes suf Schwirmsporea;’ whieh ony just aufieed to allow 
1878, pp. 52}, that the spores of ype to be read. 
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by a tin-vessel, having on one side a circular hole 
1-23 mm. in diameter (i.e, a little less than the y,th of 
an inch) ; and the box was placed in front of a parsfin 
lamp and on another occasion in front of a window; 
and both times the seedlings were manifestly bent 
after a few hours towards the little hole. 

A more severe trial was now made; little tubes of 
very thin glass, closed at their upper ends and conted 
with black varnish, were slipped over the cotyledons: 
of Pholaris (which had germinated in darkness) and 
just fitted them. Narrow stripes of the varnish had 
been previously seruped off one side, through whieh 
alone light could enter; und their dimensions were 
afterwards measured under the microscope. As & 
control experiment, similar unvarnished and trans: 
parent tubes were tried, and they did not prevent the 
cotyledons bending towurds the light. Two cotyledons: 
were placed before a south-west window, one of which 
was illuminated by a stripe in the varnish, only 004 
inch (01 mm.) in broadth and ‘O16 inch (O-b mm.) in 
length; and the other by a stripe 008 inch in breadth: 
and °06 inch in length. ‘The seedlings were examined 
after an exposure of 7h. 40 m.,and were found to be 
manifestly bowed towards the light, Some other coty- 
ledons wore at the samo timo treated similarly, ex- 
vepting that the little stripes were directed mot to the 
sky, but in such a manner that they received only the 
diffused light from the room ; and these cotyledons did 
not become atall bowed. Seven other cotyledons were 
illuminated through narrow, but comparatively long, 
cleared stripes in the yarnish—namely, in breadth 
between “OL and -026 inch, and in length between “15 
and “3 inch ; and these all became bowed to the side, 
by which light entered through the stripes, whether 
these were directed towards the sky or to ope side of 
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the room. That light passing through a hole only 
*004 inch in breadth by -016 in length, should induce 
curvature, seems to us a surprising fact. 

Before we knew how extremely sensitive the re 
ledons of Phalaris were to light, we endeavoured to 
trace their circumnutation in darkness by the aid of 
a small wax taper, held for a minnte or two at each 
observation in nearly the same position, a little on the 
left side in front of the vertical glass on which the 
tracing was made, Tho seedlings were thus observed 
seventeen times in the course of the day, at intervals of 
from half to three-quarters of an hour; and Jate in the 
evening we were surprised to find that all the 29 coty- 
Iedons were greatly curved and pointed towards the 
vertical glass, a little to the left where the taper had 
been held. The tracings showed that they had tra- 
vellod in zigzag lines, ‘Thus, un exposure to a feeble 
light for a very short time at the above specified 
intervals, sufficed to induce well-marked heliotropism. 
An analogous ease was observed with the hypocotyls 
of Solanum lycopersioum. We at first attributed this 
result to the after-effeots of the light on exch occasion 5 
but since reading Wiesner’s cbservations,* which will 
be referred to in the last chapter, we cannot doubt that 
an intermittent light is more efficacious than @ con- 
tinuous one, as plants ure expecially sensitive to any 
contrast in its amount, 

‘The cotyledons of Phalaris bend much more slowly 
towards a very obseure light than towards a bright 
one, Thus, in the oxporiments with soedlings placed 
in.a dark room at 12 feet from a very small lamp, they 
were just perceptibly and doubtfully curved towards it 
after 3 h., and only slightly, yet certainly, after 4 h. 


* + Sita. dor k, Aled. dor Wiseneob.’ (Viennn), Jan. 1880, p. 12. 
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After 8h. 40 m. the chords of their ares wore deflected 
from the perpendicular by an average angle of only 
16°, Had the light been bright, they would have 
become much more curved in between 1 and 2 h. 
Several trials were made with seedlings placed at 
various distances from « small lamp in a dark room; 
but we will give only one trial. Six pots were placed 
at distances of 2, 4, 8, 12, 16, and 20 feet from the 
lamp, before which they wore left for db. As light 
docroases in a geometrical ratio, the seedlings in the 
2nd pot received 4th, those in the 3rd pot yyth, 
those in the 4th th, those in the Sth ¢yth, and those 
in the 6th }yth of the light received by theseedlings im 
the first or nearest pot. Therefore it might have been 
expected that there would have been on immense differ 
ence in the degree of their heliotropic curvature in the 
several pots; and there was a well-marked difference 
between those which stood nearest and furthest from 
the lamp, but the difference in each successive pair of 
pots was extremely small. In order to avoid prejudice, 
we asked three persons, who knew nothing about the 
experiment, to urrange the pots in order necording to 
the degree of curvature of the cotyledons. The first 
person arranged them in propor order, but doubted 
long between the 12 feet and 16 feet pots; yet these 
two received light in the proportion of 36 to 64, The 
second person also arranged them properly, but: 
doubted between the 8 feet and 12 feet pots, which 
received light in the proportion of 16 to 36, ‘The 
third person arranged them in wrong order, and 
doubted abont four of the pots. This evidence shows 
conclusively how little the curvature of the seedlings 
differed in the successive pots, in comparison with the 
great difference in the amount of light which they 
received; and it should be noted that there was no 
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excess of superfluous light, for the cotyledons became 
but little and slowly curved even in the nearest pot. 
Close to the 6th pot, at the distance of 20 feet from 
the lamp, the light allowed us just to distinguish 
a dot 856 mm. (14 inch) in diameter, made with 
Indian ink on white paper, but not a dot 229 mm, 
(09 inch) in diameter, 

‘The degree of curvature of the cotyledons of Phalaris 
within » given time, depends not merely on the 
amount of lateral light which they may then receive, 
but on that which they have previously received from 
above and on all sides. Analogous facts have been 
given with respect to the nyctitropic and periodic 
movements of plants. Of two pots containing seedlings 
of Phalaris which had germinated in darkness, one was 
still kept in the dark, and the other was exposed (Sept. 
26th) to the light in a greenhouse during a cloudy day 
and on the following bright morning, On this mom- 
ing (27th), at 10.80 a.m, both pots were placed in a 
box, blackened within and open in front, before a 
north-cast window, protected by a linen and muslin 
blind and by « towel, 80 that but little light was 
admitted, though the sky was bright. Whenever the 
pots were looked at, this was done as quickly as pos 
sible, and the cotyledons were then held transversely 
with respect to the light, so that their curvature could 
not have been thus increased or diminished. After 
50 m. the seedlings which had previously been kept 
in darkness, were perhaps, and after 70 m, were cer 
tainly, curved, though very slightly, towards the 
window. After 85 m. some of the seedlings, which 
had previously been illuminated, were perhaps a little 
affected, and after 100 m, some of the younger ones 
were certainly 4 little curved towards the light. At 
this time (i.c, after 100m.) there was a plain difference 
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in the curvature of the seedlings in the two pots. 
After 2 h, 12 m. the chords of the area of four of 
the most strongly curved seedlings in each pot were 
measured, and the mean angle from the perpendicular 
of those which had previously been kept in darkness 
vas 19°, and of those which had previously: been illiue 
minated only 7°. Nor did this difference diminish 
during two additional hours. As 1 cheek, the seed- 
lings in both pots were then placed in complete darke 
ness for two hours, in order that apogeotropism should 
act on them; and those in the one pot which were 
little curved became in this time almost completely 
upright, whilst the more eurved ones in the other pot 
still remained plainly curved. 

‘Two days afterwards the experiment was repeated, 
with the sole difference that cven less light wis 
admitted through the window, as it was protected by a 
Iinen and muslin blind and by two towels; the sky, 
moreover, was somewhat less bright. The result was 
the samo as before, excepting that everything occurred 
rather slower. The seedlings which bad been pre- 
viously kept in darkness were not in the least curved 
after 54 m., but were so after 70 m. ‘Those which bad 
previously been illuminated were not at all affected 
until 130 m, had elapsed, and then only slightly, 
Aiter 145 m. some of the seedlings in this latter pot 
were certainly curved towards the light; and there 
was now a plain difference between the two pots. After 
3b. 45 m. the chords of the arcs of 3 seedlings im 
each pot were measured, and the mean angle from the 
perpendicular was 16° for those in the pot which had 
proviously been kept in darkness, and only 5° for 
those which had previously been illuminated. 

‘The curvature of the cotyledons of Phalaris towards 
# lateral light is therefore certainly influenced by the 
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degree to which they have been previously illus 
minated, We shall presently see that the influence 
of light on their bending continues for a short time 
after the light has been extinguished. These facts, as 
well as that of the curvature not increasing or de- 
creasing in nearly the same ratio with that of the 
amount of light which they receive, as shown in the 
trials with the plants before the lamp, all indicate 
that light acts on them as a stimulus, in somewhat 
the same manner as on the nervous system of animals, 
and not in a direct manner on the cells or cell-walls 
which by their contraction or expansion cause the 
curvature. 

It has alroady boon incidentally shown how slowly 
the cotyledons of Phalaris bend towards a very dim 
light; but when they were placed before a bright 
paraftin lamp their tips were all curved rectangularly 
towards itin2 bh. 20m. The hypocotyls of Solanum 
lycopersioun had bent in the morning at right angles 
towards anorth-vast window. At 1 v.at, (Oct. 21st) the 
pot was tuned round, so that the seedlings now pointed 
from the light, but by 5 vm. they had reversed their 
curvature and again pointed to the light, They had 
thus passed through 180° in 4 h., having in the 
morning previously passed through about 90°. But the 
reversal of the first half of the curvature will have 
been aided by apogeotropiam. Similar cases were 
observed with other seedlings, for instance, with those 
of Sinapis alba, 

We attempted to ascertain in how short a time 
light acted on the cotyledons of Phalaris, but this 
was difficult on account of their rapid circumnutating 
movement; moreover, they differ much in sonsibility, 
according to age; nevertheless, some of our observa 
tions are worth giving. Pots with seedlings were 
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ulmost stationary for 10 m.; then crossed 5 divisions 
of the micrometer in 6 m.; and then 8 divisions in 
11m, This unequal rate of movement, interrupted 
by pauses, and at first with occasional retrogressions, 
accords well with our conclusion that heliotropism 
consists of modified cireumnutation. 

In order to observe how long the after-effects of 
light lasted, a pot with seedlings of Phalaris, which 
had germinated in darkness, was placed at 10.40 aa. 
before a north-east window, being protected on all 
other sides from the light; and the movement of a 
cotyledon was traced on a horizontal glass, It cir 
cumnutated about the same space for the first 24 m., 
and during the next 1 h. 33m, moved mpidly towards 
the light, he light was now (i. after 1h, 57 m.) 
completely excluded, but the cotyledon continued 
bending in the same direction as before, certainly for 
more than 15m., probably for about 27m. The doubt 
arose from the necessity of not looking at the seed- 
lings often, and thus exposing them, though momen 
tarily, to the light, This same seedling was now kept 
in the dark, until 218 vt, by which time it had 
rencquired through apogeotropism its original upright 
position, when it was again exposed to the light from 
aclouded sky. By 3 pat. it had moved a very short 
distance towards the light, but during the next 45 m, 
trivelled quickly towards it. After this exposure of 
1b. 27m, to a rather dull sky, the light was again 
completely excluded, but the cotyledon continued to 
bend in the same direction as before for 14 m. within 
a very small limit of error, It was then placed in 
the dark, and it now moved backwards, so that after 
1b. 7 m. it stood close to where it had started from at 
2.18 rt, ‘These observations show that the coty- 
iedons of Phalaris, after being exposed to a lateral 
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light, continue to bend in the same direction for 
between a quarter and half an hour. 

In the two experiments just given, the cotyledons 
moved backwards or from the window shortly after 
being subjected to darkness; and whilst tracing the 
circumnutation of various kinds of seedlings exposed 
to a lateral light, we repeatedly observed that late in 
the evening, as the light waned, they moved from it, 
This fact is shown in some of the diagrams given in 
the last chapter. We wished therefore to learn whether 
this was wholly due to apogeotropism, or whether an 
organ after bending towards the light tended from 
any other cause to bend from it, as soon as the light 
failed. Accordingly, two pots of seedling Phalaris 
and one pot of seedling Brusvien were exposed for 8. 
before « paraffin lamp, by which time tho cotyledons 
of the former and the hypocotyls of the lattor were bent 
roctangularly towards the light. ‘The pots were now 
quickly laid horizontally, so that the upper parts of 
the cotyledons and of the hypocotyls of 9 seedlings 
projected vertically upwards, as proved by a plumb-line. 
Tn this position they could not be acted on by apo- 
geotropism, and if they posesed any tendency to 
straighten themselves or to bend in opposition to their 
former heliotropic curvature, this would be exhibited, 
for it would be opposed at first very slightly by apogeo 
tropism. ‘They were kept in the dark for 4 h,, during 
which time they were twice looked at ; but no uniform 
bending in opposition to their former heliotropie 
curvature could be detected. Wo have said uniform 
bending, because they circumnutated in their new 
position, and after 2h. were inclined in different 
directions (between 4° and 11°) from the perpendicular, 
‘Their directions were also changed after two additional 
hours, and again on the following morning. We may 
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therefore conclude that the bending back of plants 
from a light, when this becomes obscure or is extin- 
guished, is wholly due to apogeotropism,* 

Tn our various experiments we were often strack 
with the acouracy with which seedlings pointed to « 
light although of small size. ‘To tost this, many seed- 
lings of Phalaris, which had germinated in darkness in 
avery narrow box several feet in length, were placed 
in a darkened room near to and in front of a lamp 
haying a small cylindrical wick, The cotyledons at 
the two enda and in the central part of the box, would 
therefore have to bend in widely different directions 
in order to point to the light. After they had become 
reetangularly bent, a long white thread was stretched 
by two persons, close over and parallel, first to one and 
thon to another cotyledon; and the thread was found 
in almost every case actually to intersect the small 
circular wick of the now extinguished lamp. The 
deviation from accuracy never exceeded, as far as we 
could judge, a degree or two. This extrome accuracy 
seems at first surprising, but is not really so, for an 
upright cylindrical stem, whatever its position may 
be with respect to the light, would have exactly half 
its circumference illuminated and half in shadow; and 
as the difference in illumination of the two sides is 
the exciting eause of heliotropiam, a cylinder would 
naturally bend with much accuracy towards the light. 
The cotyledons, however, of Phalaris are not cylin- 
drical, but oval in section; and the longer axis wis 
to the shorter axis (in the one which was measured) 
as 100 to 70. Nevertheless, no difference could be 


* Tt eppours from rofaeuce _ bellotroploally ls af the mmo Bmo 
in Wiener (Die Ui Undalirento vinving, thion 
Nutation der Internodien, ye 3 to mise iteelf tuto a vortical posi 
that H. Maller of Thurgau fuond — tie, 
that w stem which is bending 
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detected in the accuracy of their bending, whether 
they stood with their broad or narrow sides facing 
the light, or in any intermediate position; and so it 
was with the cotyledons of Avena entiva, which are 
likewise oval in section, Now, a little reflection will 
show that in whateyer position the cotyledons may 
stand, there will bea line of greatest illumination, 
exactly fronting the light, and on each side of this 
line an equal amount of light will be received; bat 
if the oval stands obliquely with respect to the light, 
this will be diffused over a wider surface on one side 
of the central line than on the other. We may there- 
fore infer that the same amount of light, whether 
diffused over a wider surface or concentrated om a 
smaller surface, produces exactly the same effect; for 
the cotyledons in the long narrow box stood in all 
sorts-of positions with reference to the light, yet all 
pointed truly towards it, 

That the bending of tho cotyledons to the light 
depends on the illumination of one whole side or on 
the obscuration of the whole opposite aide, and not an 
# narrow longitudinal zone in the line of the light 
being affected, was shown by the effects of painting 
longitudinally with Indian ink one side of five eoty- 
ledons of Phalaris. These were then placed on a table 
near to a south-west window, and the painted half was 
directed either to the rightor left. The result was that 
instead of bending ina direct line towards the window, 
they were deflected from the window and towards the 
unpainted side, by the following angles, 35%, 838°, 81°, 
48°, and 89°, Tt should be remarked that it was hardly 
possible to paint one-half accurately, or to place all 
the seodlings whieh are oval in section in quite the 
“samo position relatively to the light; and this will 
secount for the differences in the angles. Five coty- 
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ledons of Avena were also painted in the same manner, 
but with greater care; and they were laterally de- 
flected irom the line of the window, towards the 
unpainted side, by the following angles, 44°, 44°, 55°, 
51’, and 67°. This deflection of the cotyledons from 
the window is intelligible, for the whole unpainted 
side must have received some light, whereas the oppo- 
site and painted side received none; but a narrow 
zone on the unpainted side directly in front of the 
window will have received most light, and all the 
hinder parts (half an oval in section) less and less light 
in varying degrees; and we may conclude that the 
angle of deflection is the resultant of the action of the 
light over the whole of the unpainted side. 

It should have been premised that painting with 
Indian ink doos not injure plants, at least within 
several hours; and it could injure them only by stop- 
ping respiration, ‘To ascertain whether injury wae thus 
soon caused, the upper halves of cotyledons of Avena 
were thickly coated with transparent matter,—4 with 
gum, and 4 with gelatine; they were placed in the 
moming before a window, and by the evening they 
were normally bowed towards the light, although the 
coatings now consisted of dry crusts of gum and 
gelatine. Moreover, if the seedlings which were painted 
longitudinally with Indian ink had been injured on 
the painted side, the opposite side would haye gone 
‘on growing, and they would consequently have become 
bowed towards the painted side; whereas the curvature 
was always, as we haye seen, in the opposite direction, 
or towards the unpainted side which was exposed to 
the light. Woe witnessed the effects of injuring longi- 
tudinally one side of the cotyledons of Avena and 
Phalaris; for before we knew that grease was highly 
injurious to them, several were painted down one side 

2u2 
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with a mixture of oil and lamp-black, and were then 
exposed before a window; others similarly treated were 
afterwards tried in darkness. These cotyledons soon 
became plainly bowed towards the blackened side, 
evidently owing to the greaxe on this side having 
checked their growth, whilst growth continued on the 
opposite side. But it deserves notice that the eurya- 
tore differed from that caused by light, whieh ulti- 
mately becomes abrupt near the ground. These 
seedlings did not afterwards die, but were much injured 
and grew badly, _ 


Locacisep Srysirivenrss To LigHT, AND ITs 
TRANSMITTED Evreors. 


Phalaris Canariensis—Whilst observing the acen- 
racy with which the cotyledons of this plant became 
bent towards the light of a small lamp, we were 
impressed with the idea that the uppermost part deter 
mined the direction of the curvature of the lower part. 
When the cotyledons are exposed to a lateral light, 
the upper part bends first, and afterwards the bending 
gtudually extends down to the base, and, as we eliall 

tly see, even a little beneath the gronnd. 
This holds good with cotyledons from less than 
“1 inch (one was observed to act in this manner which 
was only “08 in height) to about ‘6 of an inch in 
height; but when they have grown to nearly an ineh 
in height, the basal part, for a length of “15 to 2 of 
an inch above the ground, ceases to bend. As with 
young cotyledons the lower part goes on bending, 
aftor the upper part bas becomo well arched towanls 
4 lateral light, the apex would ultimately point to 
the ground instead of to the light, did not the upper 
yart reverve its curvature and straighten itself, as 


a 
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soon as the upper convex surface of the bowed- 
down portion received more light than the lower 
concave surface. The position ultimately assumed by 
young and upright cotyledons, exposed to light enter- 
ing obliquely from above through a window, is shown 
in the accompanying figure (Fig. 181); and here it 
may be seen that the whole upper part has become 
very nearly straight. When the cotyledons were 
exposed before a bright lamp, standing on the same 
level with them, tho upper part, which was at first 


Fig, 1st. 


Pee 


Phalaris Cowsriensia : cotyledous afler exposure in a bux open on one side 
iu front of a south-west window during 8h. Curvature Ywanls the 
light accurately treved. Tho thort horizontal tines show the level of 
the ground, 


greatly arched towards the light, became straight and 
strictly parallel with the surface of the soil in the 
pots; the basal part being now rectangularly bent, 
All thix great umount of curvature, together with the 
subsequent straightening of the upper part, was often 
effected in a few hours, 


After the uppermoxt part has become bowed a Little to the 
light, its overhanging weight must fend to increase the ourva- 
tnre of the lower part; but auy such effect was shown in several 
ways to be quite insignificant. When little caps of tin-foil 
(hereafter to be described) wore placed on the summits of the 
cotyledons, though thix must have added considerably to their 
weight, tho rate or amount of beniling was not thus increased. 
But the beat evidence was afforded by placing pota with sodlings 
of Phaluris before a lamp in such # position, that the cotyledons 
were horizontally extended and projected. at right angles to the 
lino of light. Tn tho couse of 54 h. they wore directod towards 
tho light with their buses beut at right angles; and this abrupt 
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curvature could not have been aided in the least by the weight 
of the upper part, which acted at right angles to the plane of 
curvature, 

It will be shown that when the upper halves of the eaty- 
ledons of Phalaris and Avena wero enclosed in little pipes of 
tin-foil or of blackened glass, in which case dhe upper part was 
mochanically prevented from bending, the lower and uncnelosed 
part did not bend when exposed to a lateral light; and it 
occurred to us that this fact might be due, not to the exelusion 
of the light from the upper part, but to some necessity of the 
bending gradually travelling down the cotyledons, so thnt 
unless the upper part frit became bent, the lower could’ not 
bend, however much it might bo stimulated. It was necessary 
for our parposo to ascertain whothor this notion was trao, and it 
wos proved false; for the lower halves of several cotyledons 
beeame bowed to the light, although their upper halves were 
oncloved in little glass tubos (not blackened), which prevented, 
a4 fur as wo could judge, their bending, Nevertheless, as the 
part within the tube might possibly bend m vury little, fine rigid 
rods or flat splinters of thin glam wore comented with shellac to 
one side of the upper part of 15 cotyledons; and in six eases 
they were in addition tied on with threads, They wero thus 
forced to remain quite straight. The result was that the lower 
halves of all became bowed to the light, but generally mot in #0 
Great a dogree ag the corresponding part of the free seedlings 
in the samo pots; and this may perhaps be accounted for by 
some slight degree of injury having been caused by a consider 
able surface having beon smeared with shellac. It may be 
added, that when the cotylodons of Pholaris and Avena are 
acted on by apogestropiam, it ix the upper part which pero 
first to bond; and whon this part was rendered rigid in 
manor fost desorited, the upward curvature of the basal ‘= 
was not thus prevented. 

‘Zo test our belief that the upper part of the cotyledons of 
Phalaris, when oxposed to a Interal light, reculatos the bending 


specifying. Soven cotyledons had their tips cut off for lengths 
varying betwom “1 and “16 of an inch, and these, when loft 
exposed all day to a lateral ight, remained upright. Tn another 
eat of 7 cotyledons, the tipe were cut off for a Tength of caly 
about 05 of an inch (127 mm.) and these became bowed towards 
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‘a lateral light, but not nearly eo much as the many other seed- 
lings in the same pote, ‘This latter case shows that catting off 
the tips does not by itself injure the plants so soriously as to 
prevent heliotropism; but we thought at the time, that such 
injury might follow when a greater mngth was cut: off, as in the 
first sot of expcximenta, Therefore, no moro trials of this kind 
were made, which we now regret; as we afterwards found that 
when the tips of threa cotyledons were cut off for a Tength of 
“2 inch, and of four othors for lengths of “14, 12, +1, and -07 
inch, and they were extended horizontally, the amputation did 
not interforo in the least with their bending vertically upwards, 
through tho action of apogeotropism, like unmutileted apoci- 
mens, It is therefore extremely improbable that the amputation 
of the tips for lengths of from “1 to ‘14 inch, could from the 
injury thus caused have provonted the lowor part from bending 
towards tho light. 

‘We next tried the effects of covering the upper part of the 
cotyledons of Phalaris with little capa which were impermeable 
to light; the whole lower part being left fully expowed before a 
sonth-west window or « bright paraffin Ismp. Some of the emp 
were made of extremely thin tin-foil blackened within; these 
lind the disndvantage of occasionally, though rarely, being too| 
heavy, especially when twice folded. ‘Tho busal odges could be 
pressed into close contact with tho cotyledons; though this 
again required care to prevent injuring them, Nevertheless, 
any injury thus caused could be detected by removing the caps, 
and trying whethor the cotyledons were then sensitive to Tight. 
‘Other caps were mado of tubes of the thinnest glass, which 
‘whon painted black sarved well, with the one great disadvantage 
that the lower ends could not beclosed. But tubes wore ured 
which fitted the cotyledons almost closely, and black paper was 
placed on the soil round each, to check the upward reflection of 
light from tho soil. Such tubes wero in one respect far botter. 
‘than caps of tin-foil, as it was possible to cover at the same 
time gome cotyledons with transparent and others with opaque 
tubet ; and thus our experiments could bo controlled. It should 
be kept in mind that young cotyledons were selected for trial, 
and that these when not interfered with become bowed down 
‘to the ground towards tho light. 

We will begin with the glasstubes. The summits of nine 
cotyledons, differing somewhat in height, were enclosed for 
rather Jous than half their longths in uncoloured or transparent 
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tubes; and these were then exposed before a south-west window 
ona bright day for 8h, All of them became strangly eurved 
towards the light, in tho same degree as the many other free 
seedlings in the same pots; 20 that the glass-tubes cartainly did 
not prevent the cotyledons from bending towards the light. 
Nineteon other cotyledons wore, at the same time, similarly 
enclosod in tubes thickly painted with Indian ink. Qn five of 
them, the paint, to our surprise, contracted after exposure 
to the sunlight, and very narrow emoks were formed, through: 
which a Little light entered: and theso five casce were rejected, 
‘Of the remaining M cotyledons, the lower halves of which had 
heen fully exposed to the light for the whole time, 7 continned 
quite straight and upright; 1was considerably bowed to the 
light, and 6 were slightly bowed, but with the exposed bases of 
‘most of them almost or quite straight. It is powsible that some: 
light may havo boon rotlected upwards from the soil and entered 
the bases of these 7 tubos, as the sun shone brightly, though 
bite of blackened paper had been placed on the soil round 
them. Novertheloes, the 7 cotyledons which woro slightly 
bowed, together with the 7 upright ones, presented a most re 
markuble contrast in appoarance with the many other seedlings 
in tho same pots to which nothing had boon done. The 
‘blackened tubes were then removed from 10 of these seedlings, 
aud they were now exposed before a lamp for 8h.: 9 of them 
bocaine greatly, and 1 moderstely, curved towards the light, 
proving that the previous whsence of any curvature in the 
asa} part, or the presenco of only a slight degree of curvature 
there, waa due to tho cxolusion of light from the upper part. 
Similar observations were made on 12 younger cotyledons 
with their upper halves enclosed within glass-tabes coated witht 
black varnish, and with their lowor halves fully exposed to 
bright sunshine, In there younger seedlings the sensitive zone, 
seims to extend mthar lower down, as was observed om somo 
other occasions, for two became almost as much eurved towards 
the light os the free seedlings; and the remaining ten were 
slightly curved, although the basal part of several of them, 
which normally becomes more curved than any other part, 
exhibited hurdly a trace of curvature. ‘These 12 seodlinyes 
taken togethor differed srreatly in their depres of curvature from 
all the many other scodlings in the sumo pots. 
Better evidence of the efficiency of tho blackened tubes was 
" {ncidentatly affonled by some experiments bereafter to be given, 
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in which the upper halves of 14 cotyledons were enclosed in 
tubes from which an extremely narrow stripe of the black 
varnish had boon scraped off ‘hese cloared stripes were 
not directed towards the window, but obliquely to one side 
of the room, s0 that only a very little light could act on the 
upper halvos of tho cotyledons, Thoso 14 soodlings romained 
during eight hours of exposure before a south-west window on 
a hazy day quite upright; whereas sll the other imany free 
seedlings in the same pots became greatly bowed towards the 
light. 

‘We will now turn to the trials with caps made of very thin 
tin-foil. These were placed at difforent times on the summits of 
24 cotyledons, and they extended down for a length of between 
“15 and 2of an inch, The seedlings were exposed ton lateral 
light for poriods varying betwoen 6 h. 80 m. and 7 bh. 4% m. 
which sutticed to cause all the other ecodlings in the samo pots 
to become almost rectangularly bent towards the light. They 
‘Yaried in height from only ‘O4 to 1:15 inch, but the greater 
number were about 75 inch, Of the 2 cotylodona with their 
summits thus protested, 8 became much bent, but not in the 
direction of the light, and as they did not straighten themselves: 
through apogeotropism during tho following night, cither the 
caps were too heavy or the plants themxelves were in a weuk 
condition; and those three ensos may bo excluded. ‘Thora 
aro loft for consideration 21 cotyledons; of these 17 remained 
all the time quite upright; the other 4 became slightly iuclined 
to the light, but not in » degre comparatile with that of the 
many froc seedlings in tho same pots As the glaze-tabes, when 
unpainted, did not prevent the cotyledons from becoming 
greatly bowed, it cannot ba supposed that the caps of very 
thin tin-foil did #0, exeopt through the exclusion of tho light, 
‘To prove that the plants bad not been injured, the caps were 
removed from 6 of the upright meedlings, and these were exposed 





‘As capa betwoon “15 and of an inch in depth ware thus 
proved to be highly elfiefont in preventing the eotyledona from, 
bending towards the light, 8 other cotyledons were protected 
with caps between only “06 and -12 in depth. Of thew, two 
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Another trial was made in a different manner, namely, by 


tho basa! parts were thus left fully exposed to a Exteral light 
during 8 h.; an upper intermediate xone being protected, 
With four of these secdllings tho summits wore exposed for 
length of ‘05 inch, and ia two of them this part beeame 
curved towands the Hght, but the whole lower part remained 
quite upright; whereas the entire length of the other two 
seedlings became slightly curred towards the Tight 
summits of the four other seedlings were exposed for 
of “OL inch, and of thos ono remained almost upright, whilet 
the other three became considerably curved towards the light. 


Pe 


From these sovernl sets of experiments, including those with 


the lower part to bend. Nor has the exclusion of light from the 
summit fora length of +1 of an inch a strong influence on the 
curvature of the lower part. On the other hand, an exclusion 


part from becoming curved in tho manner (aco Fig. 181) whieh 
invariably occurs when a free cotyledon is exposed to.» Interal 
light. With very young seedlings the soositive xonn seems to 
extend rather lower down rvulatively to their hoight than in older 
soodlings, We must therefore conclude that when seedlings 
aro frealy exposed to a lateral light some influence ix trams 
mitted from the upper to the lower part, eausing the latter to 


bend. 

‘This conclusion is supported by what may be seen to oceur 
on a amall scale, especially with young cotyledons, withondiaagy 
artificial exclosion of the light; for they bend beneath the 
where no light ean enter, Seeds of Phalaris wom coverd 
with a layor one-fourth of an inch in thickness of very fine 
sand, consisting of extrw te graine of silex coated with 
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oxide of iron. A layer of this sand, moistened to the samo 
degree a8 that over the seeds, was spread over a glass-plate; and 
when the layer was “05 of an inch in thicknoss (carvfully mene 
eured) no light from a bright eky could be seen to pues through. 
it, unless it was viewed through a long blackened tube, and 
then a trace of light could be detected, but probably rauch too 
little to affoct any plant, A layer ‘] of an inch in thickness was 
quite impermeable to light, as judwed by theeyeaided by thetube. 
Tt may be worth adding that the layer, when deied, remained. 
‘equally impermeable to light. This sand yiolded to vory slight 
pressure whilst kept moist, und in this state did not contmet 
or crack in tho least, In a first trial, cotyledons which had 
frown to a modorato height wereexposed for $ h. boforo a paraiin 
lamp, and they became greatly bowed, At their bases on the 
shaded side opposite to the light, well-defined, crescentic, open 
furrows wero formed, which (moasured under a microscope with 
# wlcromoter) were from 02 to 03 of an inch in breadth, and 
these had evidently been Loft by the bending of the buried bases 
of the cotyledons townrda the light. On the side of the lighb 
the cotyledons were in close contact with the sand, which was a 
very little heapod up. By romoving with a sharp knife the 
sand on one side of the cotyledons in the line of the light, the 
Dent portion and the open furrows were found to extend down 
ton depth of about 1 of an inch, where no light could enter, 
‘The chords of tho short buried arca formed in four cases angles 
of 11°, 18°, 15°, and 18°, with the perpendicular, By the 
following morning these short bowed portions hail straightened 
themselves through spogeotropiem, 

Tn the next trial much younger cotyledons were similarly 
treated, but wore exposnd to a mther obscure lateral light. 
After some hours, a bowed cotyledon, *8 inch in hoight, had an 
open furrow on the shaded side “O4 inch in breadth; another 
cotyledon, only “18 inch in height, had loft n furrow “02 inch in 
broadth. But the moat curious caso was that of a cotylodon which 
had just protruded above the ground and was only °03 inch in 
height, and this was found to be bowed in the dimetion of the 
light to a depth of -2 of an inch beneath the surface, From 
what we know of the impermeability of this sand to light, the 
uppor ilinminated part in these several cases must, hava deter 
mined the curvature of the lower buried portions. But an 
apparent cause of doubt may be suggested: ax tho 
are continually circumnutating, they tend to form a minute 
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crack or furrow all round their bases, which would admit 
Little Light on al! sides; but this would not happen when they 
ware illuminated laterally, for wo know that thoy quickly bend 
towards a lateral light, and they then press so firmly against the 
sand on tho illuminated side as to furrow it, and thie would 
effectually exclude light on this aide, Any light admitted on 
the opposite and shaded side, where an open furrow is formed, 
would tend to counteract the carvature towards the lamp or 
other source of the light. It may be added, that the nse of fine 
moist sand, which yields easily to pressure, was indispensable 
in the above experiments; for seedlings raised in common soil, 
not kept especially damp, and exposed for 9 h, 80 m.to a strong 
Jateral light, did not form an open furrow at their bases on the 
shaded ride, and were not bowed benenth the surface. 
Perhaps the most striking proof of the action of tho upper 
‘on the lower part of the cotyledons of Phalaria, whon Interally 
iMnminated, waa afforded by the blackened glass-tubes (befora, 
alluded to) with vory narrow stripos of tho varnish aaraped. 
off on ene side, through which a little light was admitted, 
‘The breadth of these stripes or slits varied between “Ol and 
’02 inch (-25 ond “51 mm.), Cotyledons with thelr upper 
halves enclosed in such tubes were placed before a south-west 
window, in such & position, that the scraped stripes did not 
directly face the window, but obliquoly to one side, Tho seed- 
lings were left exposed for 8 b., before the eloso of which time 
‘tho many free seedlings in the sare pots had become geny 
bowed towards the window, Under these ciroumetances, the 
whole lower halves of the cotyledons, which had their summits 


‘The lower halves of the 13 other cotyledons became bowed 
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‘not directly in the Hino of the window, but obliquely towards 
it; one pointed at an angle of only 18°, but the remaining 12 
at angles varying betwoon 45” and 62° from the line of the 
window. At the commencement of the experiment, pins had 
‘been Laid on the earth in the direction towards which the slits in 
tho varnish faood; and in this direction alone a emal! amount 
of diffused light entered. At the close of the experiment, 7 of 
the bowed cotyledons pointed exuetly in the line of the pins, 
and 6 of thom in a line between that of the pins and that of the 
window, ‘This intermediate position is intelligible, for any light 
from the sky which entered obliquely through the slits would 
bo much more efficient than the diffused light which entered 
directly through them. After the 8h. exposure, the contrast 
in appearance between these 15 cotyledons and the many other 
soedlings in the same pots, which were all (excepting the above 
1 vertical ones) greatly bowed in etraight and parallel lines 
towards the window, was extremely remarkable, Tt is thereforn 
certain that a little woak light striking tho upper halves of the 
cotyledons of Phalaris, is far more potent in determining the 
irection of the curvature of the lower halves, than the fll 
iMumination of the lattor during the whole time of expostre, 

Tn confirmation of the above results, the effect of thickly 
painting with Indian ink one side of the upper part of three coty~ 
lodons of Phalaris, fora length of “2 inch from their tips, may be 
worth giving. These were placed so that the unpainted surfnce 
was directed not towards the window, but a little to one aides 
and they all became bent towards the unpainted eide, and from 
the line of the window by angles amounting to 31°, 85°, and 83°. 
‘The curvature in thix direction extended down to their buses, 
although the whole lower part was fully exposed to the light 
from the window. 

Finally, although there can be no doubt that the Mlwnination 
of tho upper part of the cotyledons of Phalarix grontly affoets 
the power and manner of bending of the lower part, yot some 
observations seemed to render it probable that the simultaneous 
stimulation of the lower part by light groatly favours, or ia 
almost necessary, for its woll-marked curvature; but our experi- 
mots were not conclusive, owing to the difficulty of excluding 
light from tho lower hulvor without mechanically proventing 
their curvature, 

Avenn sativa —Tho cotyledons of this plant become quickly 
bowed towards a Jutoral light, exactly like those of Phalaris. 
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Experiments similar to the forogoinge ones were tried, and we 


possibly be accounted for by the sensitive zone varying in exten= 
ion, in ® species vo long cultivated and vatinble ae the common 
Oat, Cotyiedons little under three-quarters of an inch in 
height were solectod for trial: xix had thele summits 

from light by tin-foil capa, "26 inch in depth, and two others by 
caps “8 inch in depth. Of these 8 cotyledons, five remained 
upright during 8 hours of exposure, although their lower parts: 
‘were fully exposod to tho light all tho time; two wore very slightly, 
and one considerably, bowed towardait, Caps only -2 or *22inch 
fn depth wore placed aver 4 other cotyledons, and now only one 
remained upright, one wos elightiy, and two congiderably bowed 
tothe light. In this and the following cases all the free seedlings 
in the same pots becaine greatly bowed to the light. 

Our next trial was mado with short longths of thin and 
fairly transparent quills; for glass-tubes of sufficient diamoter 
to go over the cotyledons wonld havo been too heavy. ‘Firstly, 
the summits of 13 cotyledons wero enclosed in unpainted 
quills, and of these 11 became greatly and 2 slightly bowed 
to the light; that the mere act of enclosnre did not prevent 
the lower part from becoming bowed. Secondly, tho summits 
of 11 cotyledons wore enclosed in quills *3 inch in longth, painted 
so us to be impermeable to ght; of these, 7 did not be 
come at all inclined towards tho light, but 3 of them wore 
slightly bent more or less transversely with respect to the line 
of light, and these might perhaps have been altogether ex- 
clnded; one alone was slightly bowed towards the light. 
Painted quills, 25 inch in longth, were placed ovor tho samanite 
of 4 other cotyledons; of these, one alone retained upright, a 
second was slightly bowed, and the two othors as much bowed 
to the light us the froo seedlings in the same pots. These two 
latter cases, considering that the caps were “25 in length, are 
inexphicablo, 

Lastly, the suramite of 8 cotyledons were coated with flexible 
and highly transparent gold-beaters’ skin, aud all became: nx 
much bowed to the light ns the free seedlings. ‘The summits of 
D other cotylodous were similarly coated with gold-beater®’ akin, 
which was then painted to a depth of between “25 and 3 inch, 
5028 t0 be impormenbla to light: of thers 5 remained 
and 4 wero well bowed to the ight, almost or quite as well as 
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the free seedlings, These latter four cases, as well as the two 
in the Inst paragraph, offer a strong exception to the rule that 
‘tho illumination of the upper part detormines the curvature of 
the lower part. Nevertheless, 5 of these 8 cotyledons remained 
quite upright, although their lower halves were fully illuminated 
all tho timo; and it would almoat bo a prodigy to find fivo foo 
seedlings standing vertically after an exposure for several hours 
0 & lateral light, 

‘The cotyledons of Avena, like thove of Phalarie, when growing 
in soft, damp, fine sand, leave an open crescentric furrow on the 
shaded side, aftor bending to a luteral light; and they becomo 
bowed beneath the surinco at a dopth to which, as wo know, 
light cannot penetrate. ‘The arcs of tho chords of the buried 
bowed portions formed in two cases angles of 20° and 21° with 
tho perpondicular. ‘Tho open furrows on the shaded sido wor, 
in four cases, (008, 016, °024, and "024 of an inch in breadth. 

Brassica oleracea (Commmon Red)—It, will here be shown that 
the upper half of the hypocotyl of the cabbage, when illuminated 
by a lateral light, determines the curvature of the lower half, 
Tt is nocesary to oxperimontize on young seedlings about half 
an inch or rather joes in height, for when grown to an inch and 
upwards the basal part ceases to bend. We first tried painting 
the hypocotyls with Indian ink, or cutting off their summits for 
various lengths; bat these oxporimenta are not worth giving, 
though they confirm, as far as they can be trusted, the results 
of the following ones, ‘These were made by folding gold-benters’ 
ekin once round the upper halves of young hypocotyls, and 
painting it thickly with Indian ink or with black grease, As 
‘a control experiment, the samo trunspurent: skin, left unpainted, 
was folded round tha upper halvoa of 12 hypocotyla; and these 
all became greatly curved to the light, excepting one, which was 
only moderately curved. Twenty other young hypocotyls had 
the skin round their upper halvos painted, whilst their lower 
halves wero left quite uncovered, These seadiings were then 
exposed, generally for between 7 and 8 h., in a box blackened 
within and open in front, either before 2 ee 
 paratlin lamp. This exposure was amply sul 
shown by the strongly-marked heliotropism of all the cep psy 
lings in the mme pots; novortheloss, some were Jeft exposed 
to the light for a much longer time. Of the 20 hypocotyls 
thus treated, 14 remained quite upright, and 6 became slightly 
bowed to the light; but 2 of these latter casos were not mally 
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‘exceptions, for an removing the skin the paint was found im- 
‘perfect and was penetrated by many amal) traneparent spaces 
on the side which faced the light. Moreover, in two other cases 
the painted skin did not extend quite halfway down the hypo 
cotyl. Altogether there was a wonderful contrast in the several 
pots between theso 20 hypocotyls and the other many free 
seedlings, which were all greatly bowed down to their bases in 
the dirvetion of the light, some being almost prostmto on the 
id 


groun 

‘The most successful trial on any one day (included in the 
above reeults) ie worth describing in detail, Six young seed- 
Tings wore selectod, the hypocotyls of which were nearly *45 inch, 
‘excopting one, which was ~6 inch in height, measured from the 
‘vases of thoir potioles to the ground. “Their upper halves, 
judged as accurately as could be done by the ese, were folded 
once round with gold-beaters' skin, and this was painted 
‘thickly with Indian ink. ‘Choy wero oxposed in an otherwiee 
darkenod room bofore a bright paraflin lamp, which stood on 
a level with the two pots containing the seedlings. 
wore first looked nt after an interenl of 5h. 10 m., and fre 
of the protected hypocotyls were found quite erect, the sixth 
being very slightly inclined to the lights whereas all the many 
froo soadiings in the same two pots were greatly bowed 
to the light. They were again examined after a continuous 
exposure to the light of 20h. 352m.; and now the contenst 
batwoon the two sets was wouderftlly grent; for the free seod~ 
Unga had their hypocotyla extended almost horizontally in. thes 
direction of the liglt, and were curved down to the ground; 
whilst thoss with the upper halves protected by the painted 
akin, but with their lower halves fully exposed to tho light, still 
rumained quite upright, with the exception of the one which 
‘rotained the eume slight inclination to the light which it had 
before. ‘This latter seedling was found to have been rather 
hadly painted, for on the side facing the light the red colour 
‘of the hypocotyl could be distinguished through the paint, 

‘Wo next tried nino oldlor seedlingx, the hypocotybs of which 
varied between 1 and 1°6 inch in height. The gold-beaters* 
akin round their opper parta was paintod with black grease to 
« depth of only *8 inch, that i¢, from lees than a third toa fourth 
‘or fifth of their tetal heights They were exposed to the Hight 
for 7h. 15 m.; and the msnlt showed that the whole of the 
wonsitive zone, which dotormines the curvature of the lower 
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part, was not protected from the action of the light; for all 9 
became curved towards it, 4 of thom yery élightly, 3 moderately, 
ond 2 almost os much aa the unprotected scedlings, Neverthe 
Jess, the whole 9 taken together differed plainly in their degree 
of curvatore from the many free seedlings, and from eome 
which were wrapped in unpainted skin, growing in the mame 
two pots, 

‘Seeds worp covernd with about quarter of an inch of tho fine 
eand described under Phalaria; and when the hypocotyls had. 
grown tom heightof between ‘4 und °56 inch, they were exposed 
during 9h, before a parnilin lamp, their bases being ut first 
closely surrounded by the damp sand. They all became bowod 
down to the ground, so that their upper parts lay near to and. 
wiitost parallel to the surface of the soil. On the side of the 
Light their bases wore in close contact with the sand, which was 
hore a very little heaped up; on tho opposite or shaded side 
‘there were opon, crescentic cracks or furrows, rather above ‘OL 
of an inch in width; bat they were not #0 sharp and xegular 
ws those made by Phalaris and Avena, and therefore conid not 
be 80 easily measured under tho microscope, The hypocotyle 
were found, when the sand was removed on one side, to be 
curved to a depth beneath the surfuce in three cases of nt Teast 
*Lineh, in a fourth case of “11, and inn fifth of *15 inch. Tho 
chords of the arcs of the short, buried, bowed portions formed 
nngles of between 11° and 15° with the perpendicular. From 
what we have econ of the impermonbility of this sand to light, 
the curvature of the hypocotyls certainly extended down to a 
depth where no light could enter; and the enrvature most 
havo beon caured by an inflnonee tranemitted from the upper 
itluminated part. 

‘The lower halves of five young hypocotyla ware surrounded by 
unpainted gold-beaters’skin, and those, after an exposure of 8h. 
before a paraftin kunp, all became as much bowed to the light 
as the free seedlings ‘The lower halves of 10 other young 


painted with Indian ink; their upper and unprotected halves 
bocame well curved to the light, but thair lower and protested 
halves remained vertical in all the cases excopting one, and on 
this the layer of paint was imperfect. This result nvems to 
prove that the influence transmitted from the upper part ig 
not sufficient to cause the lower part to bend, unless it be at 
the same time illaminated ; but there remains the floubt, ax in 
2 
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‘the case of Phalaris, whethor the skin covorod with a rather 
thick crast of dry Indian ink did not mechanically prevent 
their curvature, 

Bela vulyerito—A few analogous experiments were tried om 
this plant, which is not very woll adapted for the purpose, xs the 
Vasa! part of the hypovotyl, after it has grown to above half am 
inch in height, docs not bend much on exposure to m lateral 
Nght. Four hypocotyls were surrounded clase benonth their 
potioles with strips of thin tin-foil, *2 inch in breadth, and they 
remained upright all day before a paraftin lamp; two others 
were surrounded with strips *15 inch in Ireadlth, and one of 
thoso remained upright, tho other beooming bowed ; the bande 
vges in two othor cases were only ‘1 inch in breadth, and both 
‘of thes» hypocotyls became bowed, though one only slightly, 
towands the light, ‘The free seedlings in the same pots wero 
all fairly well curved towards the light; aud during the follows 
ing night became nearly upright. ‘The pots were now turmed 
round and placed before a window, so that the opposite sides 
‘of the seedlings were exposed to the light, towards which all 
the unprotected hypocotyl became bent in the course of 7 bu 
Seven out of tho $ scodlings with bandages of tin-foil remained 
upright, bat one which bad a bandage only 1 inch in breadth, 
became curved to the light. On another oceasion, the nppar 
halves of 7 hypocotyls wore surrounded with painted gold= 
beaters’ skin ; of these 4 remained upright, and 8 became a little: 
curved to the light: at the xume time 4 other seedlings sure 
younded with unpainted ekin, a4 woll as the froo ones in the 
same pols, all became bowed towards the lamp, before which 
they ad been exposed during 22 hours. 

Kadislos of Sinapis alba—Tho radicles of some plants new 
Indifferent, ns far as curvature is concerned, to the action of 
Hight; whilsbothers bend towards and others from it* Whether 
thee moveronts aro of any service to tho plant is very doabéful, 
‘at least in the case of subterranean roots; they probably result 
from the rudicles being sensitive to contact, moisture, and gravi+ 
tation, and ms a cousequence to other irritants which are novor 
naturally cocountered, Tho radicles of Sinapix alla, when 
iramersod in water and exposed to # lateral Light, bend from it, 
oF are upholiotropic. ‘Chey become bent for a length of abont 
4 mim. from their tips, To ascertain whether this movement 


* Sachs, ‘Phyeielogie Végdtale,’ 1808, js 44, 
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gonorally ocenxrod, 41 radiclos, which had germinated in damp 
sawdust, were immersed in water and exposed to w lateral light; 
and they all, with two doubtful exceptions, became enrved from 
the light. At tho samo timo tho tips of O4 other radiclos, 
similarly exposed, were just touched with nitrate of silver. 
‘They were Wlackened for a length of from *05 to “O7 mm, and 
probably killed; but it should bo obsorved that this did not 
check materially, if at all, the growth of the upper part; for 
roveral, which wore measured, inereased in the conraa of only 
S-Uh, by 5 to 7 mm. in length, OF the 54 cauterited radiclos 
‘ono cuss was doubtful, 25 curved themeclves from the light in 
the normal manner, and 28, or more than half, wore not in the 
least apheliotropic. ‘There waa a considerble difference, which 
‘we cannot account for, in the results of the experiments tried 
towards the end of April and in the middle of September. 
Fifteon radiclos (part of the above 54) were cautcrised at tho 
former period and wore exposed to sunshine, of which 12 failed 
‘to be apheliotropic, 2 were still apheliotropie, and 1 was doubt- 
ful. In Soptember, 89 cauterieod mdicloe wero exporod to a 
northern light, being kept at a proper temperature; and now 
283 continued to be apheliotropic in the normal manner, and 
only 16 failed to bend from tho light. Looking at tho agereznte 
results at both periods, there can be no doubt that the de 
strnction of the tip for les# than a tmillimeterin length destroyed 
in moro than half the cases their powor of moving from tho 
ight, It is probable that if the tips had been cauterised for 
the length of a whole millimeter, all sign of aphelfotropiam 
would have disappeared, It may bo suggested that although 
the application of caustic does not stop growth, yet enough may 
bo absorbed to destroy the pawer of movement in the uppar 
part; but this suggoation must be rejected, for we have neon 
und shall again #e6, that eouterising one side of the tip of various 
kinds of radicles actually exeites movement. The conclusion 
scoms inovitable that sensitivencss to light resides in tho tip 
of the radicle of Sinapés ala; and that the tip when thus 
stimulated transmits some influence to the upper part, eausing: 
it to bend. ‘The case in this respect is parallel with that of 
the radicles of several plants, the tips of which are sensitive to 
eontact and to other irritants, and, as will be shown in the 
cloyenth chaptar, to gravitation, 
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CoxoLupia Remarks AND Summary or Carrer, 


We do not know whether it is general rule with 
seedling plants that the illumination of the upper 
part determines the curyature of the lower part, But 
as this occurred in the four species examined by us, 
belonging to such distinct families as the Gramines, 
Cruciferm, and Chenopodem, it is probably of common 
cccurrence, It can hardly fail to be of service to eeed- 
lings, by aiding them to find the shortest path from 
the buried seed to the light, on nearly the same 
principle that the eyes of most of the lower crawling 
animals are seated at the anterior ends of their bodies, 
It is extremely doubtful whether with fully developed 
plants the illumination of one part ever affects the 
curvature of another part. ‘The summits of 5 young 
plants of Asparagus officinalis (varying in height be- 
tween I'l and 27 inches, and consisting of several 
short internodes) were covered with caps of tin-foil 
from 0-3 to 035 inch in depth; and the lower un- 
covered parts became as much curved towards a Interal 
light, as wore the free seedlings in the same pots. 
Other seedlings of the same plant had their swmmits 
painted with Indian ink with the same negative result. 
Pieces of blackened paper were gummed to the edges 
and over the blades of some leaves on young plants of 
Tropwolum majus and Ranwneulus ficaria; these were 
then placed in a box before a window, and the petioles 
of the protected leaves became curved towards the 
light, as much as those of the unprotected leaves. 

The foregoing cases with respect to seedling plants 
have been fully described, not only because the trans- 
mission of any effect from light is a new physiol 
fact, but because wo think it tends to modify somewhat 
the current views on heliotropie movements, Until 


creases the turgeseence of the cells, or the extensibility 
of the cell-walls, or of both together, on the shaded 
side, and that this is followed by increased growth. 
Bat Pfeffer has shown that difference in the tar 
gescence on the two sides of a pulvinus,—that is, an 
aggregate of small cells which have ceased to grow 
an early age,—is excited by a difference in the amount 
of light received by the two sides; and that move- 
ment is thus caused without being followed by in- 
ereased growth on the more turgescent sidet All 
observers apparently believe that light acts directly 
on the part whieh bends, bat we have seen with the 
above described seedlings that this is 

‘Their lower halves were brightly illuminated for hours, 
and yet did not bend in the least towanls the light, 
though this is the part whieh under ordinary cireum- 
stances bends the most. It is e still more striking 
fact, that the faint illumination of a narrow stripe on 
one side of the upper part of the cotyledons of Phalaris 
determined the direction of the curvature of the lower 
part; so that this latter part did not bend towards the 
bright light by which it had been fally illuminated, 
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but obliquely towards one side where only a little 
light entered. ‘These results seem to imply the pre 
sence of some matter in the upper part which is acted 
on by light, and which transmits its offects to the 
lower part, It has been shown that this transmission 
is independent of the bending of the upper sensitive 
part. We have an analogous case of transmission in 
Drosera, for when a gland is irritated, the basal and 
not the upper or intermediate part of the tentacle 
bends. ‘The flexible and sensitive filament of Dionwa 
likewise transmits a stimulus, without itself bending; 
as does the stem of Mimosa. 

Light exerts a powerful influence on most vege- 
table tissues, and there can be no doubt that it 
generally tends to check their growth. But when the 
two sidex of a plant are illuminated in a slightly 
different degree, it does not necessarily follow that 
the bending towards the illuminated side is cansed by 
changes in the tissues of the samo nature as those 
which lead to increased growth in darkness. We 
know at least that « part may bend from the light, 
end yet its growth may not be favoured by light. 
‘Lhis is the case with the radicles of Sinapis alba, which 
are plainly apheliotropic; nevertheless, they grow 
quicker in darkness than in light.* So it is with 
many adrial roots, according to Wiesner ;t but thera 
are other opposed cases. It appears, therefore, that 
light doos not determine the growth of apheli ic 
parts in any uniform manner, 

We should bear in mind that the power of bending 
to the light is highly beneficial to most plants. There 


* Francia Darwin, *Cber daw nai iti, 1880, p. 521." 
bag ine ee fa de oe es oe 
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is therefore no improbability in this power having been 
specially acquired. In several respects light seems to 
act on plants in nearly the same manner as it doos 
on animals by means of the nervous system.* With 
seedlings the effect, as we haye just seen, is trans 
mitted from one part to another. An animal may be 
excited to move by « very small amount of light; and 
it has been shown that a difference in the illumination 
of the two sides of the cotyledons of Phalaris, which 
could not be distinguished by the human eye, suffleed 
to cause them to bend. It has also been shown that 
there is no close parallelism between the amount of 
light which sets on a plant and its degree of eurva- 
ture; it was indeed hardly possible to pereeive any 
difference in the curvature of some seedlings of Phalarix 
exposed toa light, which, though dim, was very much 
brighter than that to which others had been exposed. 
‘The retina, after being stimulated by a bright light, 
feels the effeet for some time; and Phalaris continued 
to bend for nearly half an hour towards the side whieh 
had been illuminated, The retina cannot perceive 
a dim light after it has been exposed to a bright one; 
and plants which had been kept in the daylight 
during the previons day and morning, did not move 
so soon towards an obscure lateral light as did others 
which had been kept in complete darkness, 

Even if light does act in such a manner on the 
growing parts of planta as always to excite in them 
a tendency to bend towards the more illuminated 
side—a supposition contradicted by the foregoing 
experiments on socal lnge had and ie all apheliotropic 





* Eacha hw mndo nome etrikin Basie rage Ue ae 
remarks 10 the vaso elf with und Plagitrone, Planzeathil 

ck ty the vurious stimult *Arb.dos. Bot. Inst, in Wiraburg," 
wileh exsito movemout ta plants, 1849, B. il. p, 282. 
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organs—yet tho tendency differs greatly in different 
species, and is variable in degree in the individuals of 
the sume species, as may be seen in almost any pot 


young plant, before it begins to twine, is highly helio- 
tropie, evidently in order to expose the eotyledons or 
the first true leaves fully to the light. With the Ivy the 
stems of seedlings are moderately heliotropic, whilst 
those of the same plants when grown a little older 
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are apheliotropic, Some tendrils which eonsist of 
modified leaves—organs in all ordinary cases strongly 
disheliotropic—have been rendered apheliotropic, and 
their tips crawl into any dark crevice, 

Even in the case of ordinary heliotropic movementa, 
it is bardly credible that they result directly from 
the action of the light, without any special adaptation, 
Wo may illustrate what we mean by the hygroscopic 
movements of plants: if tho tissuos on one side of an 
organ permit of rapid evaporation, they will dry 
qnickly and contract, causing the part to bend to this 
side. Now the wonderfully complex movements of 
the pollinia of Orehis pyramidalis, by which they clasp 
the proboscis of a moth and afterwards change their 
position for the sake of depositing the pollen-masses 
on the double stigma—or again the twisting: moves 
ments, by which certain seeds bury themselves in 
the ground *—follow from the manner of drying of 
the parts in question; yet no ono will suppose that 
these results have been gained without special adapta 
tion. Similarly, we are led to believe in adaptation 
when we see the hypocotyl of a scedling, which contains 
chlorophyll, bending to tho light; for although it thus 
receives lesa light, being now shaded by its own coty- 
leclons, it places them—the more important organs—in 
the best position to be fully illuminated. The hypo- 
cotyl may therefore be said to sacrifice itself for the 
good of the cotyledons, or rather of the whole plant. 
But if it be prevented from bending, as must some> 
times occur with seedlings springing up in an en- 
tangled mass of vegetation, the cotyledons themselves 
bend so as to face the light; the one farthest off rising 


* Froucis Darwin, “Outhe Hy- — netions Linn. See.,' setios fi. volt, 
sromcopic Mechaniemy &o,* Trane _p, 149, 1878, 
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up, and that nearest to the light sinking down, or 
both twisting laterally." We may, also, suspect that 
the extreme sensitiveness to light of the upper part 
of the sheath-like cotyledons of the Gruminem, and 
their power of transmitting its effects to the lower 
part, are specialised arrangements for finding the 
shortest path to the light, With plants growing on 
a bank, or thrown prostrate by the wind, the manner 
in which the leaves move, even rotating on their own 
axes, 80 that their upper surfaces may be again directed 
to the light, is a striking phenomenon, Such facts 
are rendered more striking when we remember that 
too intense a light injures the chlorophyll, and that 
the leaflets of several Leguminosw when thas exposed 
bend upwards and present their edges to the sun, thus 
eseaping injury. On the other hand, the leaflets of 
Averrhoa and Oxalis, when similarly exposed, bend 
downwards, 

It was shown in the last chapter that heliotropism 
is w modified form of cireumnutation; and as every 
growing part of every plant circumnutates more or less, 
wo can understand how it is that the power of bending: 
to tho light has beon nequired by such a multitude 
of plants throughout the vegetable kingdom. The 
mamer in which @ eireumnutating movement—that 
is, one consisting of # succession of irregular ellipses 
or loops—is gradually converted into a rectilinear 
course towards the light, has been already explained. 
First, we have a suecession of ellipses with their 
longer axes directed towards the light, each of which 


* Wiesner hns made romarks to Ixxvit. (187%). 
nearly the same effect with Se sta er es "Akad, der Wissonseh, 
to leaves: ' Die undalizendo: 
tation der Internodien,’ p , ox 
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is described nearer and nearer to its source; then the 
loops are drawn ont into a strongly pronounced zigzag 
line, with here and there a small loop still formed. 
At the same time that the movement towards the light 
is increased in extent and accelerated, that in the 
opposite direction is lessened and retarded, and at last 
stopped. The zigrag movement to vither side is 
likewise gradually lessened, so that finally the course 
becomes rectilinear, ‘hus under the stimulus of a 
fairly bright light there is no useless expenditure of 
force, 

As with plants every character is more or less 
variable, there seems to be no great difficnlty in be- 
lieving that their circumnutating movements may 
have been increased or modified in any beneficial 
manner by the preservation of varying individuals. 
‘The inheritance of habitual movements is necessary 
contingent for this process of selection, or the survival 
of the fittest; and we have seen good reason to believe 
that habitual movements are inherited by plants. Tu 
the case of twining species the cireumnutating move- 
ments have been inerensed in amplitude and rendered 
more circular; the stimulus being here an internal 
or innate one. With sleeping plants the movements 
have been inereased in amplitude and often changed 
in direction; and here the stimulus is the alternation 
of light and darkness, aided, however, by inheritance. 
Tn the case of heliotropism, the stimulus is the unequal 
illumination of the two sidea of the plant, and this 
determines, as in the foregoing cases, the modiflea- 
tion of the cireumnutating movement in sach a manner 
that the organ bends to the light. A plant which 
has been rendered heliotropic by the above means, 
might readily lose this tendency, judging from the 
cases already given, as soon as it became useless or 
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injurious. A species which has ceased to be helios 
tropie might alko be rendered apheliotropic by the 
preservation of tho individuals which tended to cir 
cumnutate (though the cause of this and most other 
variutions is unknown) in a direction more or less 
opposed to that whence the light proceeded. In like 
manner a plant might be rendered dinheliotropic. 
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CHAPTER X. 
Movie Cixounxvrarion: Moveaumers mxorren wx Guaveratton. 


Mean of observation —Ayognolropiam —Oytirue—Verbena—Beta— 
Gradual conversion of the movement of chreumnutation into apogeo= 
tropiam in Rubus, Lilium, Phalaris, Avenn, and Brnoslon—Apogeo= 
tropism retarded by hetiotropism—Eiheeted by the aid of junta 
or pulvini—Movements of flower-peduncles of Oxalis—Genoml 
remarks on apogeotropism—Geotropism—Movements of radicles— 
Burying of aced-capsules—Uso of procese—Trifolinm mubterrancum 
—Arnchie~ Amphicarpoa—Dlageoteopism—Conclusion. 


Our object in the present chapter is to show that 
geotropiam, apogeotropism, and diageotropism are mo- 
dified forms of circnmnutation. Extremely fine fila- 
ments of glass, bearing two minute triangles of paper, 
were fixed to the summits of young stems, frequently 
to the hypocotyls of seedlings, to flower-peduncles, 
radicles, &¢,, and the movements of the parts wore 
then traced in the manner already described on 
vertical und horizontal glasseplates, Tt should be 
remembered that as the stems or other parts become 
more and more oblique with respect to the glasses, the 
figures traced on them nocessarily become moro and 
more magnified, The plants were protectod from light, 
excepting whilst cach observation was being made, and 
then the light, which was always a dim one, was 
allowed to enter so ag to interfere as little aa possible 
with the movement in progreas; and we did not detect 
any evidence of such interference. 

When observing the gradations between cireumnu- 
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tation and heliatropism, we had the great advantage of 
being uble to lessen the light; but with geotropism 
analogous experiments were of course impossible. 
We could, however, observe the movements of stems 
placed at first only a little from the perpendicular, im 
which case geotropism did not act with nearly so much 
power, as when the stems were horizontal and at right 
angles to the force, Plants, also, were selected which 
were but feebly geotropic or apogeotropie, or bad 
become so from having grown rather old. Another 
plan was to place the stems at first so that they pointed 
30 or 40 degrees beneath the horizon, and then apo- 
geotropiam had a great amount of work to do before 
the stem was rendered upright; and in this ense 
ordinary cireumnutation was often not wholly oblitee 
rated. “Another plan was to observe in the’ evening 
plants which during the day had become greatly 
curved heliotropically ; for their stems under the gra- 
dually waning light very slowly became upright through 
the action of apogeotropism ; and in this case modified 
cirsumnutation was sometimes well displayed. 


Apoyeotrepiem.—Planta were soloctod for observation almost 
by chance, oxoepting that they wore taken from widely different 
families, the stem of a Tae which ix even moderately 
sensitive to apogeotropism be placed horizontally, the appar 
growing part bonds quickly wpwards, co as to become perpen 
dicular; and the line traced by joining the dots 
made on a glass-plate, is generally almost straight. For ine 
stance, a young C'ytisus fragrans, 12 inches in height, was placed. 
so that the stem projected 10° beneath the horizon, and tts 
course was triced daring 72 b. At first it bont a very little 
downwards (Fig. 182), owing no doubt to the weight of the 
stem, nx this occurred with most of the other plants observed, 
though, ax they wero of course cirowmnutating, the short down- 
wand Lines were often oblique. After three-quarters of an hour 
tho stem begun to curve upwards, quickly during the first two 
hours, bat much more wlowly during the afternoon and night, 


—- 
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& litle, and cireumnutated 
during the following day; but it 
also moved a ehort distance to 
the right, which was ennscd by 
a little Nght having been ac 
cidentally admitted on this aide. 
‘The stem was now inclined 
O0? ubove the horizon, and lad 
thorefore rikon 70°. With timo 
allowed it would probably have 
become upright, and ne doubt 
would have continued oireum~ 
mutating. ‘The sole remarkable 
feature in the figure here given 
is tho streightuess of the course 
pursued. ‘Tho stom, however, 
did not move upwards at an 
equuble rate, and it sometimes 
stood almost or quite still. 
Such periods probably represent 
attempts to cirenmnutate in a 
direction opposite to spogeo= 
tropian. 

‘The herbacoons atom of a 
Verbena melindres (2) laid hor 
zontally, rose ‘in T lk, #0 auch 
that it could no longer be 
olwerved on the vortical glass 
which stocd in front of the plant. 
‘The long Uno which was traced 
was almost absolutely straight, 
After the Th. it still continued 
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and on tho following day. During tho second night it folb 


Fig. 182, 


ia 


=e 





to rise, but now cinumnutatod “stims fragrant apogvotropie inom 


wlightly. Qn tho following day 
it stood upright, and. cirewm- 
nntated regularly, as shown in 
Fig. 82, given in the fourth 
chapter. The stems of several 
other plants which were highly 
sonsitive to apogootropism rose 

up in almost straight lines, and 


mont of stom from 10° beneath to 
OG? above horizon, trace on vere 
tical lass, from 8.30 4.6 Murch 
22th 010.80 a, the The sabe 
“8 goverment 

Lewin shown up fo 645 424, 
on the ».  Nueturnal eouree 
represented, as usual, by « broke 
Aine Movement not greatly mgs 
aah eed pole sake 
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‘wulgarts are highly 
ravens to apogeotropism, One wie 
‘of hypocotyl from 10° beneath horimn Placed so esto, 


clase plate, 
aos ‘2ith to A140 Ame 29th. Ee 
$28 Am Set mone ahindof origin! & ite weight bat 
eles cfreumnutating: 
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oblique. During the next 3h. 8m, it rose ino nearly straight 
line, passing through an angle of 109°, and then (at 12.8 p.m.) 
stood upright. It continued for 55 m. to move in the same 
general direction beyond the perpendicular, but in a zigzag 
course. It returned also im a zigzag Mine, and then clreummu- 
tated regularly, doscribing three largo ellipses daring the 
remainder of the day, It should be observed that the ellipses 
in this figure are exaggerated in size, relatively to the length of 
the upward straight line, owing to the position of the vertical 
and horizontal glass-plates, Another and somowhat old hypo- 
coty! was placed 50 as to stand at only 81° from the perpen- 
dicular, in which poxition apogeotropism noted on it with little 
force, and its course accordingly was slightly zigzag, 

‘The sheuth-like cotyledons of Phaturia Canariensis are ex 
tremely sensitive to apogeotropiam, One was placed eo ax to 
project 40° bencath the horizon, Although it was rather old 
and 1-8 inch in height, it became vertical in 4h. 30 m., having 
passed through an angle of 190° in a nearly straight lino,  Itthon 
euddonly began to clrcumnutate in the ordinary manner. The 


duorizontally, and did not become upright even after 18 h., and its 
course was slightly zigzag. So, again, ® rather old bypoooty! 
cof Cassi fora (Lt inch in height) required 28 h. to become up- 
right, and its conree was distinetly zigzag; whilst younger hypo- 
cotyle moved much more quickly and in a noarly straight line. 
When a horizontally placed stem or other organ rises in « 
zigmg line, we muy infer from the many cases given in our 
previous ehapters, that we bave a modified form of cireumnu- 
tation; but when the course is straight, there is no evidence 
of cireurmnutation, and any one might maintain that this latter 
movement had been replaced by one of a wholly distinct kind, 
‘This view seems the moro probable when (as sometimes 
occarred with the hypocotyls of Brassica and Beta, the stems of 
‘Cucurbita, and the cotyledons of Phalaria) the part in question, 
ufter bending upin a straight course, suddenly begins to elecum- 
nutate to the full extent and in the usual manner. A fairly 


is xhown in Fig. 183; but more striking instances were occa- 
sionally observed with Bota, Brassica, and Phalaris, 
We will Sep ace See ee 
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above time ft rose only 67°, We may es in 
the diagram (Fig. 184) that during the first 
day of 12h, it rose in w-nonrly straight line, 
Whon placed horizontally, it wna evidently 
circumnutating, for it rose ab Gree a | 
notwithstanding the weight of the 
thon sauk down; so that it did not start 
its pormanently upward course until 

25 im. ld elapsed. On the second day, 
which timo it had risen considerably, | 
when apogeotropimm acted on it with somewhat 
Jess power, its course during 134 hb. was clearly 
wignagy, aud the rete of the upward movensentt 
‘wos not equable, During the thind day, allo 
‘of 154 h., when upogeotropinn acted om it 
‘with atill loss powor, the stem plainky eirenm= 
nutated, for it moved during this day 8 tines: 
up and 8 tines down, 4 times to the left and 
4 to the right. But the course was so complex 
that it could hardly be traced on the glam. 
Wo can, however, see that the 

formed irregular ellipses rose higher and 
higher. Apogeotropian continued to aot om 
the fonrth morning, as the stem was still 





upwards, all 
Liliew aeratun—A plant 23 inches in height was, placed 
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horizontally, and the upper part of the stem rose 68° in 46h, 


in the manner shown in tho nccom- 
Ppanying diagram (Fig. 185). We hero 
seo that during the whole of the 
second day of 15] h., the stem plainly 
eixvumnatated whilst bending upwards 
through apogeotropian. It had still 
to rise considerably, for when the last 
dot in the figure wae mado, it stood 
82° from an upright position, 

Phatarie Canariensic—A cotylodon 
of this plant (18 inoh in hoight) has 
alresdy been described as rising in 
4b. 30 m from 40° beneath the hori~ 
zon into a vertical position, passing 
through un angle of 130° in # nearly 
straight line, and then abruptly be- 
ginning to circumnntate, Another 
somewhat old cotyledou of the same 
height (but from whieb a trae lef 
had not yet protruded), was nimilaxly 
placed at 40° beneath theborixon, For 
the first 4h. itroge in a nearly straight 
courss (Pig. 186), ao that by 110 pas, 
it was highly inclined, and now apo- 
geotropism acted on it with much lest 
power than before, and it bogan to 
digeag, At415 ra. Gevin Th, from 
the commencement) ft stood vertically, 
and afterwards continned to cirewm- 
nutate in the usual manner about the 
same spot. Hero then wo have a 
gmdoated change from astraight up- 


ward apogeotropie course into circum Lisiun vuratem : 


nutation, instead of an abrapt change, 
aa in the former caso. 

Avena satiow.—The sheath-like coty- 
ledons, whilst young, are strongly apo~ 
geotropic; and some which wore placed. 
at 45° beneath the horixon rose 90° in 
7 or 8 b. in lines almost absolut 


Fig. (85. 
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Fig, 186, 





120 pie 


than 
Phatarés Canseiensie, apogectropic more- 
Tian of cotyledio, traced on wert 
ant horisonta) glass, from 9.10 a.m. Septs 
19th to aoe 20th. Figure bere ree 
Laced 10 one-fifth of original scale. 


Jowing observations 

Deing made, was placed 
at 10° beneath the horizom, 
and it roee only 59° im 
Uh. It behaved rather 
differontly from any other 
Plant, obsorved by a, for 
during the first 44 bh. it 
Toso in w line not far frem 
straight; during the next 
6) h. it ciroumnutated, 


and, with time allowed, 
no doubt would have be 
come upright In this 
case, after the first 44h. 
ordinary circumnutation 
almost completely con 
quored for a tima apogeo 
tropism. 


placed 
horizontally, rose up Yer- 
tically in the course of 6 
or 7h. in nearly straight 
lines. A seedling which 
bad grown in darkness to 
o height of 24 inobes, and 
was therefore rather old 
and not highly sensitive, 
was placed > that the: 
‘hypocotyl projected al be 
‘tween 80° and 40° beneath: 
the horizon, "Tbe ‘upper 
part alone becaine curved 


_— 
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upwards, and rose during the first Sh. 10m, ina nearly atraight 
line (Fig. 187); but it was not 
possible to trace the upward movo- Mig, 187. 
‘ment on the vertical glass for the 
first Lh. 10 m,, 80 that the nearly 
straight line in the diagram ought 
‘to have been much longer. During 
the next 11 h, the hypocotyl eiream- 
nutated describing irregularfynres, 
eae rose a little above 
‘one previously formed. During 
io nightand following early morn- 
ing it continued to rise in a zigzag 
courte, 60 that apogeotropism was 
still acting. At the close of our ob- 
servations, aftor 23 h. (reprosented 
by the highost dot in tho diagram) 
the hypocotyl was still 82° from 
the perpendicular. ‘hero can be 
little doubt that it would ulti- 
mately have become upright by 
desoribing an additional number 
of irregular ellipses, one above the 
other, 

Apogrotropinn retarded by Heliom 
tropism. — When the stem of any 
plant bonds during the day towards 
@ latoral Light, the movement is 
opposed by apogeotroplam; but ax 
the light gradually wanes In the 
evening the latter power slowly 
gains the upper hand, and draws Arssvee olwossa: spokeetevpis 
the stem back into vertical ™moementiaf hypoenty tracey 
position. Horo then wo havo a “Gent. souh't 930 Aat 
good opportunity for abserving how Hit hh or 
apogeotropian cts whan very figure i mare magnified tas 
noarly balanced by an oppoking poune ‘wal be 
force, Por instance, at vast ara " wot neo 
of Tropaolum majus former Serger ne 
Fig, 175) moved towards the ae a mone te ated st 
evoning light in a alightly xi 
line until era in ee {ts course until 
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1040 pat, during which timo it cigzagged and described an 
ellipse of considerable size, The hypocotyl of Braxstea oleracea 
(see former Fig. 173) arene sys 

4.15 pm, and thon from the light, making in 

cour a great rectangular bend, and annie eae 
distance towards the former source of the light; no obserrae 
tions were mado after 7.10 ra. but during the night it re- 
covered its vertical position. A hypocotyl of Cassia tore moved 
in tho evoning in a somewhat zigzag line towards the failing 
light until 6 7.., and was now bowed 20° from the 
cular; it then returned on its course, making before 
four great, nenrly rectangular bends and almost completing an 
ollipse, Scvoral other analogous casos wore casually observed, 
and in all of them the apogeotropic movement could be seen to 
consist of modified eirournmntation. 

Apogeotrepic Movements effected by the aid of joints or puleink, 
Movements of this kind are woll known to occur in the 
Graminom, and are effected hy means of the thickened bases 
of their shoathing leaves; the stem within being in this part 
thinner than cleewhere.* According to the analogy of all other 
pulvini, such joints ought to continue circumnutating for a 
long period, after the adjoining parts have ceased to grow, 
therefore wished to ascertein whether this was the case with 
the Gramines; for if so, the upward curvature of their stems, 
‘whon extended horizontally or laid prostrate, would be explained 
in accordance with our view—pamely, that apogeotropiam 
results from modified cirenmnutation, After these joints have 
curved upwards, they are fixed in thoir naw position by inoreazed 
growth along their lower sides. 

Lolium perenne—A young stem, T inches in height, conslate 
ing of 8 internodes, with the flower-head not yet protruded, 
was selected for observation, A long and very thin jlaes fila 
anent was cemented horizontally to the stem eloke above the 
seconil joint, 8 inchos above the ground. This joint was 
quently proved to bo in an active condition, as its lower 
swelled much through the action of apogeotropism (én the 
manner deeoribed by De Vries) aftor the laulm had been 
fastened down for 24 b. in a horizontal position, The pot was 


il 


E 


2 


* ‘This structure bas been re rod Autrich! 
cently described by De Vries 


in 
Se"ictrting: artaie, “Ueber Mobo dehthteben 566 oe * 


» 
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80 placed that tho ond of the filament atood beneath the 2-inch 
object glass of @ microscope with an eye-piece micrometer, euch 
division of which equalled yy of an inch, ‘The end ef the fila- 
ment was repeatedly observed daring 6 b., and waa sen to bo 
in constant movement; and it crossed § divisions of the micro 
meter (jy inch) in 2h. Qocasionally it moved forwards by 
Jerks, some of which wore yyg inch in length, and then slowly 
retreated a little, afterwards aynin jerking forwards. These 
oscillations were exactly like those described under Brassica 
and Dionma, but they occurred only occasionally, We may 
therefore conclude that this moderately old joint was continaully 
ciremmnutating on a small seale, 

Aloprcurus pratensis-—A young plant, 11 inchos in height, with 
the flower-head protruded, but with the florets not yet expanded, 
Tad # glass filament fixed close above the second joint, at n 
height of only 2 inches above the ground. he basal internode, 
2 Inches in length, was cemented to a stick to prevent any 
possibility of ita cirentnutating, ‘Tho extremity of the filament, 
which projected about 50° abave the horizon, was often obecrved 
dusing 24 b. in the same manner as in the last case, Whenever 
looked at, it was always in movement, and it crossed 30 divisions 
‘of the micrometer (; inch) in 3 b.; but it sometimes moved 
at a quicker nite, for at one time it crowed 5 divisions in 14h, 
‘The pot had to be mowed ocensionally, ns the end of the filament 
travelled beyond tho fold of vision; but as far aa wa could 
judge it followed during-the daytime a semicironlar couma: 
and it cortainly travelled in two differant directions nt right 
‘angles to one another. It sometimes oscillated in the same 
manuer ws in the last apecies, some of the jerks forwards being 
as much as yyy Of an inch, We may therefore conclude that 
tho joints in this and the last spocies of series long continue to 
cirenmmutate; so that this movement would be ready to be 
converted into an apogeotropic movement, whenever the stem 
was placed in an inclined or horizontal position, 

Movements of the Flower-peduncles of Oxalis carnosa, due to 
apogeotrogism and other forces—The movements of the main 
peduncle, and of the theca or four sub-peduncles which each 
anain pedunele of this plant bears, are extremely complex, and 
are dotermined by several distinct causes Whilst the flowers 
are expanded, both kinds of peduncles cireumnutate about tho 
sane spot, ax we have seen (Fig. 91) In the fourth chapter. 
But soon after the flowers havo begun to wither the sub- 


in its new position; bat it continued slowly to swing, like # 
pendulum, from side to side, that is, in a plane at right anglos 
to that in which it had desconded. This cireumnutating moro- 
anent was observed from 9 at. on 22ud to 9 aor. 2ith, as shown 
at B in the diagram. We were not able to observe this par 
ticular sub-pedunclo any longer; tut it would certainly have 
gone on cirenmnutating anti) the capsule was nearly ripe (whieh 
requires only a short time), and it would then have mored 
upwards, 

‘The upward movement (C, Fig. 188) is effected ia part by the 
whole anb-peduncle rising in the same manner ag it had pre 
viously descended throngh opinasty—namaly, nt the joint where 
united to the main peduncle. As this upward movement 
ocourred with plants kept in the dark and in whatover position 
‘the main pedoncle was fastened, it eould not have boon caused 
by heliotropism or apogeotropism, but by hyponasty. Besides 
this movement at the joint, there is another of a very different 
kind, for the sub-peduncle becomes upwardly bent in the mmbddie 
part. If the sub-poduncle happens nt the time to be inclined 
much downwards, the upward curvature is so great that the 
whole forme a hook, ‘The upper end bearing the capsule, thus 


in whatever position the main peduncle may have been secured, 
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he upward curvature cannot be due to heliotropiam or hypo- 
asty, but to apogeotropism. 


? Fig. 188. 


Y 





\ralis carnosa : movements of flower-peduncle, traced on a vertical glass: 
A, epinastic downward movement; B, circumnutation whilst depend- 
ing vertically ; C, subsequent upward movement, due to apogeotropiam 
and byponasty combined. 
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In onder to trace this upward movement, & filament was fixed 
to a sub-peduncle bearing a capsule nearly ripe, which wus 
beginning to bend upwards by the two means just described. Ths 
courss was traced (see ©, Fig. 188) during 53 h., by which time 
it hnd become nearly upright. ‘The eourse ix xoon to be strongly 
zigzag, togotber with ome little loops. Wo may therefore can- 
clude that the movement consists of modified circamnutation. 

‘The savoral species of Oxalix probably profit in the following 
manner by their eub-peduncles first bonding downwards and 
then upwards, ‘They aro known to scatter their seeds by the 
bursting of the capsule; the walls of which ane so 
thin, Like silver paper, that they would easily bo permeated | 
rain. Bat as soon as the petals wither, the sepals rise up. 
enclose the young capsule, forming a perfect roof over it ax 
soon as the xub-pedoncle has bent itaelf downwards. By its 
subsequent upward movement, the capsule stands when son 
ata greater holght above the ground by twice the length of the 
wub-pedancle, than it did when dependent, and is thus able 
to scatter its seeds to a greater distance, he sepals HEE 
enclose the ovarium whilst it is young, present an additional 


aretosella, the capsules are said somotimnes to bury themselves 
under [ooee Jeavys or moss on the ground, bat this cannot occur 
with those of (. carnoss, aa the woody stem is too high, 

Gzalis wetosella,—The pedunclos are furnished with a joint in 





oul ae oun uss by the upper part of 
tising, traced frum 11 as, Jags at to pam Be 
dared to une-balf of the original cal 


the middle, so that the lower part answers to the main peduncle, 


= 
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50r 
and the mover, part bo oobi Ss eal Sea Rat ee 
he wpe pert ee See ae bas began 
to wither, and the whole pedunele then forme a hook; that 
this Lending is due to epinasty we may infer from the cast of 
0. oxracaa, When the pod is nearly ripe, the upper part 
straightens itself and Vein hi doe op 
nasty or apogeotropiam, or both combined, and not to hello- 
tropism, for it occurred fn darkness, The short, heoked part of 


the peduncle of a eloietognmnic flower, bearing a pod nearly ripe, 
was obscrred in the dark daring three dayx. The apex of the 
pod at first pointed perpendicntarly down, but in the course of 


course during the two latter days is shown in Fig, 180; and 
it may be seen how greatly the peduncle, whilst New Rea 
notated. ir ea caren teamareet a atee 
to the plane of the originally hocked ‘The tracing wna 
Sea ceatinecd sy ances siesa uate a eRSbaee ese 
polupcle with its capsule had Become straight and stood 
upright. 

Concluding Remarks on Apogeotropiem.—When apo~ 
geotropism is renderal by any means feeble, it acts, 
as shown in the several foregoing cases, by increasing 
the always present circumnutating moyement in a 
direction opposed to. gravity, and by diminishing that 
in the direction of gravity, as well as that to either 
side, The upward movement thus becomes unequal 
in rate, and ia sometimes interrupted by stationary 
periods. Whenever irregular ellipses or loops are still 
formed, their longer axes are almost always directed 
in the line of gravity, in an anal manner as 
occurred with heliotropic movements in reference to 
the light. As apogeotropism acts more and more 
energetically, ellipses or loops cease to be formed, and 
the course becomes at first strongly, and then less and 
less zigzag, and finally rectilinear. From this grada- 
tion in the nature of the movement, and more especially 
from all growing parts, which alone (exeept when pal- 
vini are present) are acted on by apogeotropism, eon- 
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tinnally circumnntating, we may conelnde that even 
a rectilinear course is merely an extremely modified 
form of circumnutation. It is remarkable that a stem 
or other organ which is highly sensitive to apogeo- 
tropism, and which has bowed itself rapidly upwards 
in a straight line, is often carried beyond the vertical, 
as if by momentum. It then bends a little backwants 
to a point round which it finally circumnutates. Two 
instances of this were observed with the hypocotyls of 
Beta vulgaris, one of which is shown in Fig. 183, and 
two other instances with the hypocotyls of Brasaies. 
This momentum-like movement protubly results from 
the accumulated effects of apogeotropism. For the 
sake of observing how long such after-effects lasted, 
a pot with seedlings of Bota was laid on its side in the 
dark, and the hypocotyls in 3h. 15 m, became highly 
inclined. ‘The pot, still in the dark, was then placed 
upright, and the movements of the two hypocotyls wert 
traced; one continued to bend in its former dircetion, 
now in opposition to apogeotropism, for about 37m, 
perhaps for 48 m.; but after 61 m, it moved in an 
opposite direction. The other hypocotyl continued 
to move in its former course, after being placed 
upright, for at least 37 m. 

Different species and different parts of the same 
species are acted on by apogeotropism in very dif 
ferent degrees, Young seedlings, most of which i 
cumnutate quickly and largely, bend upwards and 
become vertical in much less time than do any older 
plants observed by us; but whether this is due to 
their greater sensitiveness to apogeotropism, or merely 
to their greater flexibility we do not know, A hypo- 
cotyl of Bota traversed an angle of 109 in 3b. 8m, 
and a cotyledon of Phalaris an angle of 180° in & bh. 
30m, On the other hand, the stem of a herbaceous 
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Verbena rose 90° in about 24 h.; that of Rubus 67', 
in 70h.; that of Cytisus 70°, in 72h.; that of a young 
American Oak only 87°, in 72h, The stem of a 
young Cyperus alternéfolive rose only 11° in 96 h.; 
the bending being confined to near ite base. Though 
the sheath-like cotyledons of Phalaris are soextremely 
sensitive to apogeotropism, the first true leaves which 

from them exhibited only a trace of this 
action. Two fronds of a fern, Nephrodiwn molle, both 
of them young and one with the tip still inwardly 
onrled, were kept in a horizontal position for 46 h., 
and during this time they rose so little that it was 
doubtful whether thore was any true apogeotropic 
movement, 

‘The most curions case known to us of a difference 
in sensitiveness to gravitation, and consequently of 
movement, in different parts of the same organ, is that 
offered by the petioles of the cotyledons of Ipomaa 

Ma. The basal part for a short length where 
united to the undeveloped hypocotyl and radicle is 
strongly geotropic, whilst the whole upper part is 
strongly apogeotropic. But a portion near the blades 
of the cotyledons is after a time acted on by epinasty 
ind curves downwards, for the sake of emerging in the 
form of an urch from the ground; it subsequently 
straightens itself, and is then again acted on by apo- 
geotropism, 

A branch of Cucurbita ovifera, placed horizontally, 
moved upwards during 7 h. in @ straight line, until it 
stood at 40° above the horizon; it then began to cir 
munnutate, as if owing to its trailing nature it had no 
tendency to rise any higher, Another upright branch 
was sceured to a stick, close to the base of a tendril, 
ind the pot was then laid horizontally in the dark. 
fn this position the tendril cireumnutated and made 
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several large ellipses during 14 h., as it likewise 
on the following day; but during this whole time 
was not in the least affected by apogeotropism. On the 
other hand, when branches of another 
plant, Evhinoeytis lobata, were fixed in the dark 50 that 
the tendrils depended beneath the horizon, these bean 
immediately to bend upwards, and whilst thus moving 
they ceased to circumnutate in any plain manner; 
bat os soon as they had become horizontal they re 
commenced to revolve conspicuously. The tendrils 
of Passijlore gracilis are likewise aj Teo 
branches were tied down so that their tendrils 
many dogrees bencath the horizon. One was 
for 8 h,, during which time it rae, i two 
circles, one above the other. The other | rose: 
in a moderately straight lino during the first 4 ly 
making however one small loop in its course; it then 
stood at abont 45° above the horizon, where it cireum- 
nutated during the remaining 8 h. of observation. 
A part or organ which whilst young is extremely 
sensitive to apogeotropism ceases to be so as it 
old; and it is remarkable, as showing the indepen 
of this sensitivencss and of the cireumnutating mover 
ment, that the latter sometimes continues for a time 
after all power of bending from the centre of the earth: 
has been lost. Thus a seedling Orange only 
3 young leaves, with a rather stiff stem, did not curve 
in the least upwards during 24 h, whilst extended 
horizontally ; yet it cireumnutated all the time over 
a-xmall space. The hypocotyl of a young seedling 
of Cassia tora, similarly placed, became vertical in 
12h,; that of an older seedling, 1} inch in height, 





* For details 
sp ieee “The Movements wad Habits of Climbing Plants! 
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became 8o in 28h.; and that of another till older 
one, 1) inch in height, remained horizontal during 
two days, but distinetly circumnutated during this 
whole time. 

When the cotyledons of Phalaris or Avena are laid 
horizontally, the uppermost part first bends upwarda, 
and then the lower part ; consequently, after the lower 
part has become much curved upwards, the apper part 
is compelled to curve backwards in un opposite diree- 
tion, in order to straighten itself and to stand ver- 
tically; and this snbsoquent straightening process is 
likewise due to apogeotropism. The upper part of 
8 young cotyledons of Phularis were made rigid by 
being cemented to thin glass rods, so that this part 
could not bend in the least; nevertheless, the basal 
part was not prevented from curving upward. A stem 
or other orgun which bends upwards through apogeo- 
tropism exerts considerable force; its own weight, 
which has of course to be lifted, was suflicient in 
almost every instance to cause the part at first to bend 
a little downwards; but the downward course was 
often rendered oblique by the simultaneous eircume 
nutating movement. The cotyledons of Avena placed 
horizontally, besides lifting their own weight, were 
able to furrow the soft sand above them, s0 as to leave 
little crescentic open spaces on the lower sides of their 
bases; and this is a remarkable proof of the force 
exerted, 

As the tips of the cotyledons of Phalaris and Avena 
bend upwards through the action of apogeotropism 
before the basal part, and as these same tips when 
excited by a lateral light transmit some influence to 
the lower part, cauaing it to bend, we thought that 
the same rule might hold good with apogeotropism. 
Consequently, the tips of 7 cotyledons of Phalaris wore 
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cut off for a length in three cases of 2 inch and in 
the four other cases of “14, "12,1, and “O7 inch, But 
these cotyledons, after being extended 

bowed themselves upwards as effeetually as the ‘ane 
mutilated specimens in the same pots, showing 
sensitiveness to gravitation is not confined to their | 


Grorrorisa. 


This movement is directly the reverse of apogee 
tropism, Many organs bend downwards through epi- 
nasty or apheliotropism or from their own weight; bat 
we have met with very few eases of a downward mows 
ment in sub-nérial organs due to geotropism, We 
shall, however, give one instance in the following 
section, in the case of J'rifolium subterrancum, und 
probably in that of Arachis hypogma, 

On the other hand, all roots which penetrate the 
ground (including the modified root-like petioles af 
Megarrhiza and Ipomea leptophylla) are guided in their 
downward course by geotropism; and so are 
aérial roots, whilst others, as those of the Ivy, appear 
to be indifferent to its action, In our first chapter the 
movements of the mdicles of several seedlings were 
described. We may there see (Fig. 1) how a mdicle 
of the cabbage, when pointing vertically upwards s» 
ag to be very little acted on by cireum> 
nutated ; and how another (Fig. 2) which was at first 
placed in an inclined position bowed. itself downwanls 
in a zigzag line, sometimes remaining stationary for a 
time. Two other radicles of the cabbage travelled 
downwards in almost rectilinear courses, A radicle of 
the bean placed upright (Fig, 20) made a grent sweep 
and zigzagged; but as it sank downwards and was 
more strongly acted on by geotropiym, it moved in an 





—— 
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almost straight course. A radicle of Cucurbita, directed 
upwards (Fig, 26), also zigzagged ot first, and de- 
scribed small loops; it then moved in a straight line, 
Nearly the same result was observed with the radicles 
of Zea mays. But the best evidence of the intimate 
connection between circumnutation and geotropism 
was afforded by the radicles of Phaseolus, Vicia, and 
Quercus, and in a leas degree by those of Zea and 
ZEsculus (see Figs. 18, 19, 21, 41, and 52); for when 
these were compelled to grow and slide down highly 
inclined surfaces of smoked glass, they left distinctly 
serpentine tracks, 


The _seatital bee of Seed-erpoules; Trifolium subterraneum—The 
of this plant are remarkable from producing only 

8 or 4 perfect flowers, which aro situated exteriorly. All the 
other many flowers abort, and are modified into rigid pointe, 
with a bundle of vessels running up their centres. After a time 
5 long, clastic, claw-like projections, which represent tho divi- 
sions of tho calyx, aro davoloped on their summita, Aa soon ax 
tho perfect tlowers wither they bend downwards, snpposing the 
peduncle to stand upright, and they then closely surround its 
upper part. This movement ix duo to epinasty, as i€ likewise 
the case with the flowers of 7: repens, The imperfect central 
flowors nitimately follow, one after the other, the sume course. 
Whilst tho porfoct flowers aro thue bonding down, the whole 
peduncle curves downwards and increases much in length, 
until the flower-head reaches the ground. Vaucher * snyw thnt 
whon tho plant is 80 placed that tho heads cannot soon roach 
the ground, the peduncles grow to the extraordinary longth of 
from 6 to 9 inches. Tn whatever position the branches may be 
placed, tho upper part of the peduncle at first bond vertically 
upwards through heljotropism; bat as soon as the flowers 
bogin to wither the downwanl cnrvature of the whole peduncle 
commences. As thie latter movement occurred in complete 
darkness, and with peduncles arising from upright and from 
dependent: branchos, it cannat be due to spebe ies or to 
opinasty, but mnst be attributed to geotropiam. Ninetoon 


* ‘Hist. Phys. des Plantes d'Europe, Yorn. 1. 1841. p, 106, 
an 
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‘upright fower-heads, arising from branches fp all eorts of posi- 
tions, on plants growing in a warm 

With thread, and after 26h. six of them wore 
dont; theee thorefore had travelled throngh 180° fn 


through about 90°. Poop ed iene 
moved only a little downwards, but after an. pie 
were greatly inclined, 

‘At the time when tho flower-heada reach the ground, the 
aomgr rt free th wt al ee 0 
toguther, and form a conical projection; whereas the perfect 
imperfect flowers on the outside aro upturned and closely sum 
round the peduncle. ge Pripenapwsirtitis a 
resistance, a& the caso admits of, in penetrating the 
though the diametor of the flower-head ia still 
‘Tho moana by which this ponctration ix effected will presently 
be described, ‘The flower-heads are able to bury themselves in 
common garden mould, and easily in rand or im fine gifted 
cinders packod rather closely. Tho depth to which thoy pene- 
truted, measured froan the wurface to the base of the head, was 
betwoon 4 and 4 inch, but in one caso rathor above (6. 
With « plant kept in the house, a head partly buried itself in 
and in Oh.: after 8 days only the tipe of the reflexed enlyees 
‘wore visible, and after 6 days the whole had disappeared. Bet 
with planta growing out of doors we bolievo, feom casual lee 
vations, that they bury themselves in a much shorter time. 

preter mate buried themaclves, the central aborted 

increase considerably im length and rigidity, und 
reise ‘They gradually curve, one after the other, 
spree, ce, jvwacis|tie potas, dursthe lnc nekacaraan 








is 


pedi perfoot 
are clothed with simple and multicellular hairs, which 
Fewer of absorption; for when placed ina weak 
carbonate of ammonia (2 gr. te 1 of, of water) their peu 
plannic contents immediately beenmo aggregated 
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grows in dry soil, but whether the power of absorption by the 
hairs on the buried flowersheads is of any importance to then 
we do not know. Only a few of the flower-heads, which from 
their position are not able to reach the ground and bury them~ 
selves, yield needs; whereas the buried onos never failed, am far 
awe observed, to produce as many seeda ux there had been 
perfect flowers, 

Wo will now consider the movementa of the peduncle whilat 


SS Fig. 190. 





Trifolium néterrancum ; townward movement of peduncle from 19° beneath 
the hrizoa tw a ueatly vertically dependent position, traced from 


V1 at July 22nd to tho morniog of 25th, Glass Gilament Gxed 
transversely nerves pedunole, wt base of tlowershead, 


curving down to the ground. We have seen in Chap, LV. 
Fig. 92, p. 225, that an upright young flower-head clroumnu- 
tated conspicuously; and that this movoment oontinned after 
the pedunclo had begun to bend downwarda ‘the same 
peduncle was observed when inclined at an angle of 19° above 
‘tho horizon, and it cireumnutated during two days. 

212 


Fig. 191. whon it was nearly vertical. Daring 
olearls 


snocooding day, as it phere, 

the sune movement continued, bist 

\ ‘wae only occasionally observed and 

‘was loss etrongly marked. It should 

‘be stated that those peduncles weee 

Tif ere cecere? coal a ry 

ieee ist the flower- the houso, and that thay generally 

i} Ranh, tet tee moved downwards very much more 

the ealys still visible; Mowly than thoso on plants growing 

traced from & Ast July ont of doors or in the 

26th te © Ax. on 271. ‘The movement of another 





oe during the first 12. was mow 
straight, but with a fow woll-taarked 


Tritvtivn subgerrameums move Zezagx Which betrayed the essential 

ment of mme peduncle, with hatere of the movement, Lastly, 

flower-henl completely buried {he eireumnutetion of « 

se ieacoedelyan, Yas traced duriog 8, whilst in 
= the act of burying itself o} 

in a Little heap of sand. After it had butied itself to musa e 

depth that the tips of the sepals were alone visililo, the mbowe 


head had completely disappeared bencath the easd, another 


tracing was made daring 1b b. 45 en. (Fig. 192); ben 
‘we neo that the peduncle was cireammutating, 
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Any one who will observe a flower-head burying iteclf, will be 
convinced that the rocking movement, due to the continued 
eirourmnutation of the peduncle, plays an important part in the 
act. Considering that the flowar-hoade axe very light, that the 
peduncles are long, thin, snd flexible, and that they arise from 
Hloxiblo branchos, it is incredible that an object as blunt ws one 
of those Jower-heads could penetrate the ground by means of 
the growing force of the peduncle, unless it were aided by the 
rocking movernont, After a flower-head has penetrated the 
ground to a small dopth, another and efficient agony eomes into 
play; the central rigid aborted flowers, cach terminating in five 
long claws, eurve up towards the peduncle; and in doing 0 
can hardly fail to drag tho head down to a greator dopth, aidod 
as this action is by the circummutating movement, whieh con- 
tinues after the flower-head has completely buried itself. The 
aborted flowors thus uct something like tho hands of the molo, 
which force the earth backwards and the body forwards. 

‘It is well known that the seed-capsules of various widely 
distinct plants cithor bury themeclyes in the ground, or are 
produced from imperfect flowers developed beneath the surface, 
Bonides the present ease, two other well-marked instances will 
be immediately given. It is probable that one chief good thus 
gained is the protection of the seeds from animals which prey on 
thom, In tho caso of 7 subterraneum, the seeds nre not only 
concealed by being buried, but aro likewise protectod by being 
‘elosely surrounded by the rigid, aborted flowers We may the 
moro confidently infer that protection is here aimed at, because 
the seeda of sovoral spocios in this same genus are in 
other ways;* namely, by the swelling and closure of the calyx, 
cor by the persistence and banding down of the standard-petal, deo, 
Bat the most curious instance is that of 7: glebosum, in which 
tho upper flowers are sterile, as in 7, subterraneum, but are here 
developed into large brushes of hairs which anvelop and protect 
the sced-bearing flowars, Novertheloss, in all theso casos the 


kept 
advantage of such dampness perhaps throws light on the pro- 
senes of the absorbent hairs on the buried flower-heads of 7. sub 
terrancum, According to Mr. Bentham, as quoted by Mr. Dyer, 


* Voucher, ‘Hist, Phys. d + Seo hin interesting artlele: in 
Plantes d'Europe, tum, ii, palo, “Nature,” April 4tu, 1878, p. 440, 
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the prostrate habit of Hélianthenum prostratun * Tarkngs. the 
capsules in contact with the surfxce of the ground, 

thelr maturity, and so favours the seeds attaining o larger gize* 
‘Tho capsules of Cyclamen and of Ozalie vestoxella are only esca- 
sionally buricd, and this only beneath dead leaves or moms If 
‘it be an advantage to a plant that its capsules should be kept 


Flowers which are sented too high on tho plant for the gyno- 
phoro to reach the ground are eaid* nover to produce poda, 
‘The movement of a young gynophore, rather ander an inch 


growing 

then raised up, 6 us to be oxtonded almout horizontally, and 
‘the terminal part curved itself downwards, following a pearly 
straight course dnring 12h,, but with ono attempt to elrenam- 
anutate, a8 shown in Fig. 194. After 24 bh. it had become nearly 
vertical. Whether the exciting cause of the downward mow 
mont is geotropiam or apheliotropixm was not ascertained: bat 
probably it is not apholiotropiem, aa all the gynophemres 


and older gynophore, tho apex of which had nearly reached the 
ground, was observed daring 3 days in the esme manner as the 
first-mentioned short one; and ft was found to be always circum 
mutating, During the firet 3 b. it described a figure which 


* *Gard. Chronicle” 1897, p. S60, — 
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represented four ellipses. Lastly, a long gynophore, the apex of 
which had buried itself to the depth of about half an inch, was 


Fig. 1 
Fig. 193, h 














” 

Arachis hypogees: cireum- Arachis hypogaea: down- 
nutation of vertically ward movement of same 
dependent young gyno- young gynophore, after 
phore, traced on a ver- being extended horizon- 
tical glass from 10 A.a. tally; traced on a vertical 
July Slat to 8 4.x. Aug. glass from 8.30 4.1, to 
2nd. 8.30 Pa. Aug. 2nd. 


pulled up and extended horizontally: it quickly began to curve 
downwards in # zigzag line; but on the following day the ter- 
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niinal bleached portion was a little shrivelled, As the 
phores are rigid and arise from stiff branches, and as 
terminate in sharp smooth points, it is probable that 

penetrate the ground by the mere foroo of growth. it 
action must be aided by the circumnutating movement, fur fae 
sand, kept moist, was prosted close round tho apex of a gymo- 
phoro which had reached tho ground, and after a fow hours it 
was surrounded by # narrow open crack, After three 
this gynophore was uncovered, and the apex was food at a 
dopth of rather above half an inch developed into a small, white, 
oval 


pace ‘monoicr—This plant iptgeeie ahoots, 
which twine round # support and of course 

Early in the summer shorter shoots ure produced from 
lower parts of the plant, which row perpendicularly downwards 





position abont 25° beneath tho horizon, being feobly illuminated 
from above, In this position it described two vertical ellipses 
in 24 h,; but on the following day, when brought into the house, 
it circumnutated only a very little round the same spot. Other 
branches were scen to penctrate the ground, and were afters 
wards found ranning Hike root beneath the surface for a length — 
of nearly two inches, and they had grown thick. One of these, 
after thas running, hed emerged into the air. How fur eireum= 
nutation aids theso delicate branches in entering the ground we 
do not know; but tho reflexed hairs with which they are clothed 
will assist in the work. This plant produces pods in the adr, 
and others beneath the ground; which differ greatly in appear 
anco, Asa Gray eays* that it ie the imperfoct flowors on the 
creeping branches near the base of the plant which produce the 
subtorrancan pods; these flowers, therefore, must tury them- 
solves Like those of Arachis. But it may be suspected that the 
branches which were teen by us to ponctrate the ground also 


produce subterranean flowers and pods. 
Diaarorrorism, 
Besides and there ia, 
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namely, “ transverse-geotropism,” or diageotropism, as 
we may call it for the sake of matching our other 
terms. Under the influence of gravitation certain 
parts are excited to place themselves more or less 
transversely to the line of its action.® We made no 
observations on this subject, and will here only re- 
mark that the position of the secondary radicles of 
various plants, which extend horizontally or are a 
little inclined downwards, would probably be eon- 
sidered by Frank as due to transverse-geotropism. 
As it has been shown in Chap. L that the secondary 
radiclea of Cucurbita made serpentine tracks on a 
smoked glass-plate, they clearly circnmnutated, 
and there can hardly be a doubt that this holds 
good with other secondary radicles. It seems there- 
fore highly probable that they place themselves in 
their diagootropic position by means of modified 
cireumnutation. 


Finally, we may conclude that the three kinds of 
movement which haye now been described and which 
are excited by gravitation, consist of modified cireum- 
nutation. Different parts or organs on the same plant, 
and the sume part in different species, arethus excited 
to act in a widely different manner, We can see no 
reason why the attraction of gravity should directly 
modify tho state of turgescence and subsequent growth 
of one part on the upper side and of another part on 
the lower side, Weare therefore led to infer that both 
geotropic, apogeotropic, and diageotropic movements, 
the purpose of which we can gencrally understand, 


* Elfving has tatoly described — exccliout instance of such movo~ 
/ Arbeiten dew Bot. Tostitute in monte In tho of certain 
Wirabung,” B, i, 1880, p.489) an 
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have been acquired for the advantage of the plant by 
the modification of the ever-present movement of 
circumnutation, ‘This, however, implies that gravi- 
tation produces some effect on the young tissues 
sufficient to serve as a guide to the plant. 
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CHAPTER XT. 


‘Locaniagn SeNSITIVENES® TO Gnaviratio’, axb ity Teavawrrnen: 
Evreors. 


General considorntions—Vieln faba, effects of ampatoting the tips of 
the mdiclos—Rogenorntion of tlie tips—Eifects of m shart exposure 
of the tips to geotropie uctiom and their subsequent araputation— 
Effols of aniputating the tips obliqudy—Biieols of ewuterising the 
tips—Bifects of gnsiee on the tips—Pisurn entivum, tips of mdictes 
cautorived transversely, and on thelr upper and lower sides— 
Phaseolus, cantiriation and groaa on tho tipx—Gossypiym— 
Cucurbita, tips cantorised transvorsely, und on their upper and 
lower sidea—Zow, tips cantorived— Concluding remarke and 
sunimary of chupter—Advantager of the sensibility to geotropiam 
boing looalinod in tho tips of the radicles, 


Crasterskt states* that when the roots of Pisum, 
Lens and Vicia were extended horizontally with their 
tips cut off, they were not acted on by geotropism ; 
but some days afterwards, when a new root-eap and 
vegetative point had been formed, they bent them- 
selves perpendicularly downwards, He further states 
that if the tips are eut off, after the roots have been 
left extended horizontally for some little time, but 
before they have begun to bend downwards, they may 
be placed in wny position, and yet will bend as if still 
acted on by geotropism; and this shows that some 
influence had heen already transmitted to the bending 
part from the tip before it was amputated. Suels 
repeated these experiments; he cnt off a length of 
between 05 and 1 mm. (measured from the apex of the 


54 Abwertieraaneane dor Warzel,’ Tnaug. Disert, Breslau, | 
B “* 
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vegetative point) of the tips of the radicles of the 
bean (Vieia faba), and placed thom horigontally or 
vertically in damp air, earth, and water, with the 
result that they became bowed in all sorts of diree- 
tions." Ho therefore disbelieved in Ciesielski's eon 
clusions, But as we have seen with several plants 
that the tip of the radicle is sensitive to contaet and 
*to other irritants, and that it transmits some influenoe 
to the upper growing part causing it to bend, there. 
seemed to us to be no a@ priori improbability in 
Ciesielski’s statements. We therefore determined to 
repeat his experiments, and to try others on several 
species by different methods, 


Vieia fobo,—Radiclea of this plant were extended horizontally 
sithor over water or with their lower surfaces just touching it 
‘Their tips had previously been cut off, in a dirvetion a8 ageti- 
totely transverse as could bo done, to different longths, measured 
from the apex of the root-cap, and which will be specified im 
onch case, Light was always excluded. We had 
tried hundreds of unmutilated radicles under similar cirewm= 
stances, and found that every one that was healthy became 
plainly geotropic in under 12h. In the ene of four mdicles 
which had their tips out off for a length of 1-5 mm. new root~ 
caps and usw vegetative points were re-formed after ap interval 
of 3 days 20 h. ; and these whon placed horizontally were acted 
on by gootropiam. On some other occasions this repemeration 
of the tips aud reacquired sensitivenes# occurred within m same= 
what shorter time, Thorefore, mdicloes having their tipa 
ampntated should bo observed in from 12 to 48 h. after the 
operation, 

Four radicles wore extonded horizontally with their lower 
surfaces touching the water, and with their tips eut off for a 
length of only 0° mm.: after 23 bh. three of them wore still 
horizontal ; aftor 47h. ono of the throe became fairly geotropio; 
and after 70h. the other two showed « trace of this action. The 
fourth radicle was vertically geotropic after 23h.; but by an 


“Arbeiton dos Bot Institute in Wireburg,’ Heft. i. 1879, p, 49%, 
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accident the root-cap alone and not the vegetative point was 
found to have been amputated ; so that this case formed no real 
excoption aud might have boon excluded. 

Five rudicles were extended horizontally like the last, and 
had their tips cut off for a length of 1 mm.; after 2243 b., four 
of them were still horizontal, and one wae slightly geotropic; 
after 45h. the latter had become vertical; a second was also 
somewhat geotropic; two remained approximately horizontal 
and tho lagt or fifth bad grown in n disordered manner, for 
was inclined upwards at an angle of 66° above the horizon. 

Fourteen radicles were extended horizontally at a little height 
over the water with their tips cut off for a Jongth uf I> mr. ; 
after 12h. all were horizontal, whilst fve control or standard 
specimens in the same jar were all bent greatly downwards 
After 2ih. soveral of the amputated radicles romained hori- 
zontal, but some showed a trace of geotropinm, and one Was 
plainly geotropio, for it was inelinod ut 40° beneath the horizon. 

Seven horizontally extended radiclos from which the tips had 
‘been cut off for the unusual length of 21am. unfortunately were 
not looked at untit 35 h. had elapsed ; thre were still horizontal, 
but, to our surprise, four wore more or less plainly gootropic. 

‘Tho nudicles in the foregoing cases were measured before their 
tipa were ampntated, and in ce eon of 4b. thoy hnd all 
increasod greatly in longth; but the mensuremonts aro not 
worth giving. It is of more importance that Sachs found that 
the nite of growth of the different parts of rudicles with 
amputated tips wae the samo as with unmatilatad ones, Alto. 
gother twentyenine radicles wero operated on in the manner 
above described, and of thess ouly m few showed any 
curvature within 2t h.; whereas radicles with unmutilated 
ulways became, as already stated, much bent down in less than 
half of this time, The part of the muicle which bends mast lies 
‘at the distanco of from 3 to G mm. from tho tip, and as the 
bending part continues to grow after the operation, there dows 
not seem any reavon why it should not have baan acted on by 


transmission in Ciosielaki's experiments, which we repeated and 
extended in tho following manner, 

Beans wero embedded in friable poat with the hilum down- 
wards, sod after their radicles had grown perpendicularly 
fer a loogih of fem 40 A kath, wixtoun wera eoleted 
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wore perfectly straight, and these were placed 1 

the peat, being covered by a thin layer of it. ‘Thay: 

left for an average period of 1h. 87 m. ‘Tho tipa 

off trenaverse!y for a length of 18 mm., and immediately: 
-wanls they were embedded vortically in the peat. ‘ns tion 
geotropism would not tend to inten eee 


bent became fixed in this position, and they 
out horizontally in the post for a length of about 1 incl: 
from4 to Gdayx By this time new tips had been 


tho peat than in water, owing perhaps to the 
often looked at und thus disturbed. After the tips 


extonded horizontally for an hour, instead of 1 
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former trial; and after thelr tips (13mm, in longth) had beau 
amputated, thoy were placed vertically in damp peat, Of there, 
three were not in the least affected and continued for days to 


grow straight downwards. Four showed after 8h. 90m. » mere 

‘trace of curvature in the direction in which they had been acted 

on by geotropism; and in this respect they differed much from 

those whieh had bean exposed for 

1h. 87 m,, for many of the latter Fig. 195, 

wore plainly curved in 6h. ‘The | 

curvature of one of these four 

radicles almost disappeared after 

24k. In tho second, the eur- 

vature increased during two days 

and then decreased. The third 

radicle became permanently bent, 

so that its terminal part made an 

angle of about 45” with its original 

vertical direction. The fourth 

Tadicle became horizontal, ‘Thess 

two latter xadiclea dontinued 

during two more days to grow 

in the peat in the sane directions, 

that is, at an angle of 45° be- pints sada: adie 0 reetngalatly 
amputation 






neath the horizon and horizon- bent at 

tally, By te far norsiag ae th the py dus to the previous 
tips had boon rv-formed, and-now {with ly on 
geotropiam was able to act on whilst geotroplem acted 


itantiag wetically dowawaris, 
exactly as in tho caso of the ty wintut chief cerrstureafter 
five radicles described in tho  theregeneration of the tip, whea 
Just paragraph and aa is shown in arenes cai Cre 
the figure (Pig. 105) here given. 

Lastly, five other rudicles were similarly: aie but were ex= 
posed to geotropism during only 45m, After hb. 80 m, only 
one was doubtfally affected; after 2 h. two wero just per- 
ceptibly curved towards the side whieh had been acted on by 

after 43h. the one first mentioned had a mdins of 


geotropism ; 

curvature of 60 mm. That this curvature was duo to the action 
of geotropism during the horizontal position of the radicle, was 
shown after 4 days, when anow tip had been reformed, for it 
then grow perpendicularly downwards, We learn from this 
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‘eauo that whon the tips are amputated aftor an oxpewuro £0 seo 
tropism of ouly 45 m,, though @ slight influence is sometimes 
transmitted to the adjoining part of the radicla, yet thix ealdom 
suffices, and then only slowly, to induce even moderately well 
pronounced curvature, 

In the previously given experimontr an 29 horizontally exe 
tended radiclos with their tips amputated, only one to a gro 
ularly in any marked manner, and this bocarne 
‘at an angle of 65°. In Ciesielski’s experiments the wer 
could not have grown very irregularly, for if they bad dono 
#0, ho could not have spoken confidently of the obliteration 
of all geotropic action, It is therefore remarkable that Sachs, 
‘who exporimented on many radicles with their tips 


taken in cutting off the tips transversely, one pater 
might be irritated more than the other, either at first or. 
eequently during the regeneration of the tip, and that 
might cause the radicle to bend to one side. It has also 
shown in Chapter ITT. that ff a thin alice be ent off one 

of the tip of the radiclo, this cansos the radiclo te bend 
the sliced side. Accordingly, $0 radicles, with tips amputated 
for n length of 1:5 mm., wero allowed to grow porpendioularty 
downwards into water, Twonty of thom wore amputated at an 
angle of 20° with o line transverse to their longitudinal axes; 
and such stumps appeared only moderately obliques 
remaining ton radicles wore amputated st an angle of about 
45°, Under these circumstances no loss than 19 out of the 33. 
tecame much distorted in the course of 2 or 8 daya. Eleven 
othor radioles wero similnely treated, excepting that omly 1 mm 
(including in this and all other cases the root-cap) was ampo 
tated; and of these ony one grew much, and two others stightly 


—_: 


Cwar, XE TRANSMITTED ERFECTS: VICIA. ia 


distorted; so that thie amount of oblique amputation was not 
sufficient, Out of the above 80 radicles, only one or two showed 
in the first 24h. any distortion, but thia became plain in the 
19 cases on the second day, and still more me at the 
clove of the third day, by which time new tips bad been partially 
or completely regonermted, When therefore m new tip is r= 
formed on an oblique atump, it prcaity is dovelopod sooner on 
one side than on the other: and this in some manner excites 
tho adjoining part to bend to ous side. Hence it seems probable 
that Sachs unintentionally amputated the radicles on which he 
experimonted, not strictly in a transyerso direction. 

‘This explanation of the occasional irregular growth of radicles 
with ampatated tips, ia supported by the resulta of cauteriaing 
their tips; for often a groater length on one side than on the 
other was unavoidably injured or killed. It should be re 
marked that in tho following trials tho tips woro first driod 
with blotting-paper, ond then slightly rubbed with » dry stick 
of nitmte of silver or Tunur cwustic, A few touches with the 
caustic autiice to kill the root-cap and some of the upper layers 
of colls of tho vegetative point. ‘Twenty-seven radicles, some 
young and very short, others of moderate length, were suspended 
‘Yortically over water, after being thus cantorised. Of these some 
entered the water immediately, and others on the second day, 


27 cauteriserd radicles, 15 had become extremely distorted; 6 of 
thom grow upwards and formed hoope, #0 that thoir tips somo- 
times came into contact with the bean above; $ grow out 
rectangularly to one side; only a fow of the remaining 12 
quite straight, and some of these towards the closo of 


for this occurred with only 5 out of 19 radicles thus tremted. 
Instoad of cutting off tha tips, as in the first sot of experi- 
ments, we next tried the effects of touching horizontally ex- 
tended radicles with caustic in the manner just described. Bus 
2u 


530 SENSITIVENESS TO GRAVITATION. Cuar XT 


some preliminary remarke must first be made. It may be ob- 
that the caustic would injure the radiclos and prevent them 
from bending; but ample evidence was given in Chapter TIT 
that touching the tips of vertically snapended radicles with 
caustic on one side, doos not stop their bending; on moe 
contrary, it causes them to bend from tho tonched sida We 
also tried touching both the upper and the lower aides of the 
tips of some radicles of the bean, extended horizontally in damp 
frixble earth. The tips of throe were temched with eanstic on 
‘their upper aides, and this would aid their geotropic bending’, 
tho tips of three were touched on thelr lower sides, which’ 
would tend to counternct the bending downwards; and three 
‘wore loft ne controls. Aftor 24h. an independent obeervor was 
asked to pick out of the nine radicles, the two which were moet 
and the two which were Ionst bent; he gelected ax the Intter, 
two of thoee which had been touched on thelr lower ides, and 
as the most bent, two of those which had been touched on the 





may therefore safely conclude that the mere application of 
caustic to the tip does not prevent the radiclos from bending. 
Tn the following , the tips of young 
extended radicles Saltau ood with a stick of dry caustic; 
end this was held transversely, ¢o that the tip might be 
terived all round as aymmotrically ox pouxibla The radicles 
were then suspended in a closed vessel over water, kept rather 
cool, viz., 55°-59° FL This was done beeansa we had oo 
‘that the tips wore moro eonsitive to contact tinder a low than 
under a high temperature ; and we thought that the same rale 
night apply to geotroplam. In one exceptional trial, nine 
tadiclos (which were rather too old, for thay had grown to & 
Jength of from 3 to 5em.), were extended horizontally in damp 
friablo earth, after their tips had been canterised, and were 
kopt at too high » tomperature, vig,, of 68°F, or °C. The 
emult in consequence was not so striking as in the subsoquent 
eases; for although when after 9h. 40 m. six Of them were 
examined, these did not exhibit any gootropic bending, yet after 
%4h., when sll nino wore examined, only two = hori 
wontal, two exhibited a tmee of geotropiem, and Lae Ne se 
slightly or moderately gootropie, yot not comparable in 
with the control apecimens. Marks had been made on seven of 
these enuterised radiclos at 10 om. from the tips, which ineiuder 


| 
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tho whole growing portion; and after the 24h. this part had 
& mean length of 37 mm., so that it had increased to more 
than 84 times its original length; bat it should be remembered 
that these beans had been oxposed to a rather high tempornture. 

‘Nineteen young radicles with cauterised tips were extended 
at different times horizontally over water. In cvory trial an 
‘equal number of control specimens wore observed. In the firet 
trial, the tips of three radicles were lightly touched with the 
caustic for 6 or 7 seconds, which was a longer application than 
wual. After 23h. 30 m. (temp. 55°-6? F,) these three radicles, 


Fig. 196, 





A B. G 


Vioio fabs « state of radicles which bad been extended horisontally for 
‘2G h. 30 mat dy J C, tipa tovched with esuatic; D, Ry Pytips uocante- 
Wised.  Langthe of radiolos reduced to one-half scale, but by an sesdent 
tho bans themselves not redaced in the same degree, 


A, B,C (Pig. 196), wore still horizontal, whilst the three control 
specimens had become within 8 b. slightly geotropic, and 
strongly #0 (D, ¥, F) in 23h. 80m. A dot had been made on 
all six radicles at 10 mm. from their tips, when firat placed 
horizontally, After the 23h, 80m, this terminal part, originally 
10 mm. in length, had increased in the canterized specimens to 
« mean length of 17-3 mm., and to 15°7 mm, in the control 
radicles, as shown in the figures by the unbroken transvere 
line; tho dotted line boing at 10 mm. from the apex. ‘The con 
fehl or meee So SES a ee ea 
uw 


toa moan of 26mm. A sootion of one of the: 
showed that tho blackened part was 0-5, fn fe 
O-2min. extended into the 

coloration could bo detected oven to 1*6mrn, 
the root-cap. 

Tn another lot of six raitcles (temp. 85° 
control specimens were plainly geotropie in $$ 
the mean length of their terminal part bad 
10 mm. to 21imm. When the canstic war ap 
cauterised specimens, it wae held quite 3 
5 seconds, and tho result was that the bl 
tremely minute. Therefore, caustic was 


10 mm. to an average of 16°5 mm. 
‘Tt would be superfluous to describe in 
the ing cautorised radi 








wards in 8 or 9h. ; secondly, ' bitrate ene as 


j 
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takes placa; and that whon tho tip of the root ia cauterined it ia 
unable to originate the stimulus necessary to produce geotropic 
curvature, 

‘As wo had obsorved that grease was highly injurious to come 
plants, we determined to try its effects on radicles. When the 
cotyledons of Phalaris and Avena were covered with grease 
slong ono sido, the growth of this aide was quite stopped or 
greatly checked, and as the opposite side continued to grow, the 
cotyledons thus treated became bowed towards the grensed side, 
‘This camo matter quickly killed the delicate hypocotyls and. 
young leaves of certain plants. ‘The grease which we emplored. 
was mado by mixing lamp-black and olive oil to gnoh a come 
sistence that it could be laid on in a thick layer, The tipa of 
five radicles of the bean were coated with i for a length of 
8mm. and to our surprise this purt inereased in length ite 23 be 
to 71mm; the thick laycr of greaso being curiously drawn 
out, It thas could not have checked much, if at all, the growth 
Of the terminal part of the radicla. With respect to 
tho tips of seven horizontally extonded madicles wore coated for 
a length of 21mm, and afer 24h, no clear difference could be 
perceived between their downward curvature and that of an 
‘equal number of control specimens, ‘Tho tips of 83 other radicies 
were coated on different occasions for a length of $m. ; amd 
thoy wore compared with the controls after Sh., 2th. and 4h. 
On one occasion, after Qth,, thore was vory little frais 
curvature between the greased and control specimens; but 
generally the difforonco was unmistakable, those with grensed 
tips boing considerably Jes curved downwards, ‘Tho whole 
growing part (the greased tips included) of six of these rdicles 
was measured and was found to have increased fn 23h. from 
10 mr, to @ mean length of 17*7xm_; whilet tho: 
part of the controls had increased to 208mm. It appoars there 
fore, that although tho tip iteslf, when greased, continaes $0 
grow, yet the growth of the whole radicle is eomewhat checked, 
and that the geotropio curvature of the upper part, which was 
free from grease, was in most cases considerably lessaned. 

Pisum sativun—Fivo radicles, oxtended horizontally over 
water, had their tips lightly fouched two or three times with dry 
canstic, Thovo tips were measured in two cases, and found to 
be blackened for a length of only half a millimeter. Five other 
radioles wore loft as controls. ‘Tho part which is most bowed 
through geotropism lies at a distance of several millimeters from 
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the apex, After 24 h., and aguin after 92h, from the commences 
ment, four of the cauterisod radicles wore still horizontal, but 
‘ono was plainly gootropic, being inclined ot 45° benenth tle 
horizon, The five controls were somewhat geotropic after Tb. 
20m., and after 20h. were all strongly geotropie; being inclined 
at tho following angles bencath the horizon, viz., 59°, 60°, 6S, 
ST, and 43°, ‘The length of the radicles was not measured in 
either set, but it waa manifest that the eartarised radicles had 
grown greatly, 

‘The following case proves that the action of the caustic by 
itself does not prevent the curvature of tho radicle, Ton radicles 
wore extonded horizontally on and bonoath a layer of damp 
friable peat-carth; and before being extended their tips wers 
touched with dry caustic on the upper side. ‘Tem other mdicles 
similarly placed ware touched on the lower sido; and this would 
tend to make them bend from the cauterised side; and thernfory, 
ag now placed, upwards, or in opposition to geotropiam, Lastly, 
ten uncautorined rudicles were extended horizontally as controls, 
After Mth, all the latter were geotropic; and the ten with their 
tips canterised on the upper side were equally geotropie; and 
Wo believe that they became curved downwards bofore the con» 
trols. The teu whieh had been cauterised on the lower side 
presented a widely difforout appearance: No, 1, however, Was 
perpendicularly geotropic, but thie was no real oxception, for om 
‘examination under the microscope, there was no. vestige of 
a coloured mark on the tip, and it was evident that by a saistake 
ib had not been touched with the caustic, No. 2 was plainly 
weotropic, being inclined at about 45° beneath the horizon ; No. 
‘was slightly, nnd No.4 only just perceptibly geotropie; Nos. 5 
and Gwere strictly horizontal; and tho four remaining onca were 
bowed upwards, in opposition to ywotropism. In theve four 
cnses the rudiue of the upward curvatures (avcording to Sache’ 
eyclometer) wos Smm., 10 mm., 30 mm., and 70mm. This our- 
vature was distinct long before the 24h, had olapsed, namely, 
after Sh, 45 m. from the time when the lower sides of the tips 
‘were touched with tho oattic. 

Phaseolus muitiflorux—Right radicles, serving ns controls, were 
extended horizontally, some in damp friable peat and some it 
damp air. Thoy all became (temp, 20°-21° C,) plainly geo- 
tropic in 8h. 80m., for they then stood at an average angle of 69° 
beneath the horizon. A rather greater length of the rodicle ix 
bowed downwards by geotropiam than in tho case of Vici faba, 
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that is io say, mther more than 6mm. as measured from 
of tho root-cap. Nino other radiclor wore similarly « 
Bete CD at ped ee 


‘apical part being black; in (2) the diseoloration was 0°65 tm. 
fo bath cde Dates ch acne eee 
coloration was 0°6 ram, in Tength, of which the basal O° enti 


slightly gootropio, eing vow inclined a 10" benath th hasta 
the eight othors remeined horizontal, thongh one was Currad & 
little laterally, r 
‘The terminal part (10 mm. tn length) of the six eauteriond 
rodicles in the damp air, had more than doubled in length in 
the 24 h., for this part was now on an average 20-7 mm. long. 
ea toeniore al nee ee 


vas appliod at fim, and the m wa tp (nl la 
extended radictes waa 
‘eilled, and those ‘continued for two or threo! days) homer 





boneath the horizon, whilet the control stood at an average of 
‘4°. After 24k the two lots differed but little im their degree 
of curvature. In some other trials, however, there was a 
well-marked difference after 24h. between those with 

tips and the controls. ‘The terminal part of eight 

mens increased in 24 h. from 10 mm. to a mean 


= 
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21°38 mm., whilet the moan increase of thoes with greased tipa 
was 20-7 mm, The grease, therefore, slightly checked the 
growth of the terminal part, but this part wis not mach 
injured; for sovoral radicles which had boon greased for a 
length of 2 mm. continued to grow during soven days, and were 
than only @ little shorter than the eontrolk, ‘The appearance 
presented by theee radiclee after the vovon days was very 
curious, for the black jrense iad boen drawn out into the Bnect 
longitudinal strim, with dots and retieulations, which covered 
their surfaces for a Jongth of from 26 to 44 mm., or of | to 
17 inch. Wo may therefore conclade that jreise on the tips 
of the radicles of this Phaseolus somewhat delays und leasens 
the geotropic curvature of the part which ought to bend 
most, 

Gosypium hertaceem—The raticles of this plant bend, 
through the action of gootropiem, for # longth of about 6 mm. 
Five radicles, placed horizontally in damp air, had their tips 
touched with caustic, und the discoloration extended for a 
length of from % tol mm, ‘Uhoy showed, after 7b, 45 1, and 
again after 28 h., not a trace of geotropiam; yet the terminal 
portion, 9 mm. in length, had ineressed on an nvermgo to 
15°9 mm. Six control mdicles, after 7h. 45 m., wore all plainly 
geotropic, two of them being vertically dependeat, and after 
23 h. all wore vertical, or nearly sa. 

Cucurbita ovifora—A large number of trials proved almost 
useless, from the three following causes: Firstly, the tips of 
nudicles which have grown somewhat old ure only teebly geo 
tropic if kept im damp air; nor did we succood woll in our 
oxporimonts, until the germinating sceds wero placed in peat 
and kept at a rather high temperature, Secondly, the hypoootyly 
of tho sees which wero pinned to the lide of tho jars gradually 
became arched; and, as the cotyledons were fixed, the movement 
of the hypocotyl affected the position of the rudicle, and exnsed 
confusion. ‘Thivlly, the paint of the radicle is so fine that it ie 
difficult not to cauterive it vithor too much or too little, Bat 
we managed generally to overcome this latter difficulty, as the 
following experiments show, which are givon to prove that a 
touch with caustic on one sido of the tip docs not provont the 
upper part of the radicle from bending. ‘Ten radicles were laid 
horizontally beneath and on damp friable peat, and thoir tips 
were touched with caustic on the upper side. After Sh. all 
were plainly geotropie, three of them rectangularly ; after 19 h. 
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all wore #trongly geotropic, most of thom pointing — 
dicularly downwards. Ten other radicles, similarly 
‘their tips touched with caustic on tho lower side; cei 
thre wer lightly georopebat not nearly a0 moh 60 na the 
least guotropic of the foregoing specimens; four remained hori 
zontal; and three were curved mpwards in opposition to ges 
tropinn, After 10h, tho threo which were slightly geotropic: 
had become strongly so, Of the four horizontal radicles, ome 
flone showed a trace of geotropiam; of the three up-curved 
yadiclos, ane retained this curvature, and the other two hail 
‘become horizontal, 

‘Tho radiolos of this plant, ax already rosuaked, do mot euccoedl 
well in damp air, but the result of one trial may bo briefly 
given, Nine young mdicles between 3 and} inch in length, 
with their tips cauterisod and biackoned for a length never 
oxceeding 4 mm., togethor with eight control specimens, were 
extended horizontally in damp air, After an interval of only 
4h 10m. all the controls were slightly whilat not 
one of the cantorised specimens exhibited a trace of this action, 
After 8b. 85 m, there was the sume difference between the 
two eots, but mther more strongly marked. By this time Both 
sets had increased greatly in length. ‘The conteols, 
never became much more curved downwards; and after Ott, 
there was no great differonce between the two séte im their 
dogree af curvature, 

Bight young maiclex of nearly «qual length (avarngn 86 tach) 
were placed beneath and on poatoarth, and wore eexponedl tom 
temp. of 75°-76°P. Their tips had. been. touched 
with caustic, und five of thom were blackened for m length of 
about 05 mm,, whilst the other throe wore only just visibly dis- 
coloured, In the samo box there wore 15 control nudlicles, mostly 
about 46 inch in length, but some rather longer and older, asd 
therefore loex sensitive. After 5 h., the 15 control rudicles weew 
all more or lew geotropic: after 9 h., eight of them were bent 
down beneath the horizon at various angles between 49° and 0%, 
the namaining seven being only slightly geotropie: after 225 h. all 
were rectangularly geotropic. ‘The state of the cight canterined: 
rudiclos after the mame intervals of time was a4 follows: after 
5 h, ono alone waa slightly geotropic, and this wae one with 
the tip only a very little diseolonred : balers 
mentioned was rectangularly geotropic, and two others wen 
stighitly #0, and theso were tho ‘three which had bots) eareely- 
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affected by the caustic; the other five were still strictly hori- 
yontal. After 24h. 40m. tho three with only slightly diseolonred 
tips wore bent down rectangularly; tho other five wore not in 
the least affected, but several of them had grown ruther tor- 
tnonsly, though still ina horizontal plane. Theeight cauterised 
ogame) had at first a mean length of -86 inch, after 9h. 

had increased to a mean length of 79 inch; and after 24 h, 
40 m. to the extraordinary mean length of 2 inches. There 
was no plain difforonce in length betwoon the five wall eau~ 
torlsed radicles which remained horizontal, and the three with 
slightly cauterised tips which had become abruptly bent down. 
A fow of tho control radicles wore moasurod after 25 h., and 
they Were on an average only a little longer than the cauterised, 
viz, 219 inches, We thus see that killing the extreme tip of 
the radiele of this plant for a length of about 05 mm,, though it 
stops the geotropic bending of the upper part, hardly interfores 
with the growth of the whole radicle, 

In the same box with the 15 control specimens, the rapid goo~ 
tropic bending and growth of which haye just been described, 
there were xix radicles, about “6 inch in length, extended lorie 
ontally, from which the tips had boon cut off in a transverse 
direction for « length of barely 1 mm. These radicles were 
examined after 9h. and again after 24h. 40m, and thoy all 
remained horizontul. ‘They had not become noarly so tortuous 
26 those above described which had been cauterised, ‘The 
radicles with thelr tips ent off had grown in the 24h. 40m. as 
much, judging by the eye, ax the cauterisod spocimons, 

oa mays—The tips of several radicles, extended horizontally 
in damp air, wore dried with blotting-psper and then touched 
in the first trial during 2 or 3 seconds with dry caustic; but 
this was too lon; a contact, for the tips wore blackened for a 
length of rather above 1mm. They showed no signs of geo 
tropism after an interval of 9h,, and wers then thrown away, 
In a second trial the tips of three radiclos were touched for @ 
shorter time, and were blackened for a length of from 0 to 
075 mm,: they all remained horizontal for 4h. vat after 3 hy 
80 m. one of them, in which the blackened tip was only 05 mm. 
in length, was inclined at 21° beneath the horizon. Six con- 
trol radicles all becamo alightly gootropic in 4 b., and strongly 
0 after 8h, 80 m, with the chief seat of curvature generally 
between 6 or 7mm. from the apex. In the cauterised specimens, 
the terminal growing part, 10 mm. in length, incroasod during 


In a third trial the tips of five radicles (exposed to a temp. 
of 70°-71°) were touched with the caustic only ones and very 


lightly ; ‘og wore afarvirir Eanciost ea fi Seem 


and the part which wos in any way discolounal was om aa 
average 76 mm, in length, After 4h.10 m. none were Dent; 
after 5 h.45 m., ond again after 23h, 90 m., they still remained 


horizontal, excepting one which was now inclined 20° A 
the horizon. The terminal part, 10 mm, in pia had 
croased groatly in longth during tho 28 h. 30 m,, viz, 
average of 26 mm, Four control radicles became slightly 
tropic after the 4 h. 10 m., and plainly so after the 5h. 45 m 
‘Their mean longth after the 23h. 30 m. had increased | 
10 mm, to3l mm, Therefore a slight cxnterisation of the 
cheeks slightly the growth of the whole pie ee 
stops tho bending of that part whieh ought to band most 

the influence of geotropism, and which still continues to 
inerenso greatly in length, 


a 


es 


Coneluding Remarks —Abundant evidence has now 
been given, showing that with various plants the 
of the radicle is alone sensitive to geotropism; 
that when thus excited, it causes the adjoining 
to bend. The exact length of the sensitive part seems 
to be somewhat variable, depending ee tal 
of the radicle; but the destruetion of a length of from: 
less than I to 1-5 mm, (about sth of an inch), in the 
several species observed, gencrally sufficed to 
any part of the radicle from bending within 24 b,, oF 
even for a longer period. ‘Tho fact of the tip alone 
being sensitive is so remarkable a fact, that we will 
here give a brief summary of the foregoing experiments, 
‘The tips wore cut off 29 horizontally extended radicles: 
of Vicia faba, and with a few exceptions they did not 
become geotropic in 22 or 23 h,, whilst unmmutilated: 
radicles were always bowed downwards in Sor Gh. Tt 
should be borne in mind that the mere act of cuttiog 
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off the tip of a horizontally extended madicle does not 
prevent the adjoining parts from bending, if the tip 
has been previously exposed for an hour or two to the 
influence of geotropism. Tho tip after amputation is 
sometimes completely regencrated in three days; and 
it is possible that it may be able to transmit an 
impulse to the adjoining parts before its complete 
regeneration. ‘The tips of six radicles of Cucurbita 
ovifera were amputated like those of Vieia faba; and 
these radicles showed no signe of geotropiam in 24h. ; 
whereas the control specimens were slightly affected 
in 5 h,, and strongly in 9 h. 

With plants belonging to six genera, the tips of the 
radicles were touched transversely with dry caustic; 
and the injury thus caused rarely extended for a greater 
length than 1 mm., and sometimes toa loss distance, as 
judged by even the faintest discoloration, We thought 
that this would be a better method of destroying the 
vegetative point than cutting it off; forwe knew, from 
many previous experiments and from somo given in 
the present chapter, that a touch with caustic on one 
side of the apex, far from preventing the adjoining 
part from bending, caused it to bend. In all the 
following cases, radicles with uncauterised tips were 
observed at the same time and under similar cireum- 
stances, and they became, in almost every instance, 
plainly bowed downwards in one-half or one-third of 
the time during which the cauterised specimens were 
observed. With Vieia faba 19 radicles were cau- 
torised; 12 remained horizontal during 23-24 h,; 
6 became slightly and 1 strongly geotropie. Eight of 
these radicles were afterwards reversed, and again 
touched with caustic, and none of them became geo- 
tropic in 24 b., whilst the reversed control specimens 
became strongly bowed downwards within this time. 
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With Pisum sativum, five radicles had their tips touched 
with caustic, and after 82 h. four were still horizontal, 
‘The control specimens were slightly geotropie in 
Th. 20 m.,and strongly so in 24h. ‘The tips of 9 other 
radicles of this plant were touched only on the lower 
side, and 6 of them remained horizontal for 24 h., or 
wore upturned in opposition to geotropism; 2 were 
slightly, and 1 plainly geotropic. With Phassolue 
multiflorus, 15 radicles were cauterised, and 8 re- 
mained horizontal for 24h.; whereas all the controls 
were plainly geotropic in 8h. 80m, Of 5 cauterised 
radicles of Gossypium herbacewm, 4 remained horizontal 
for 23 h, and 1 became slightly geotropic; 6 control 
radicles were distinctly geotropic in 7h. 45m, Five 
radicles of Cucurbita ovifera remained horizontal in 
peat-earth during 25h. and 9 remained so in damp 
air during 84 h.; whilst the controls became 
geotropic in4 h. 10m. The tips of 10 radicals of this 
plant were touched on their lower sides, and 6 of 
them remained horizontal or were upturned after 19 h., 
1 being slightly and 3 strongly geotropic, 

Lastly, the tips of several radicles of Vieia faba and 
Phaseolua multiforus wore thickly coated with grease 
fora length of 3mm. This matter, which is highly 
injurious to most plants, did not kill or stop the growth 
of the tips, and only slightly lessened the rate of 
growth of tho whole radicle; but it generally delayed: 
a little the geotropie bending of the upper part. 

The several foregoing cases would tell us nothing, 
if the tip itself was the part which became ios 
bent; but we know that it is a part distant from the 
tip by same millimeters which grows quickest and 
which, under the influence of geotropism, bends most. 
We have no reason to suppose that this part is injured 
by the death or injury of the tip; and it is certain 
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that after the tip has been destroyed this part goes on 
growing at such n rate, thut its length was often doubled. 
inaday, We haveulso seen that the destruction of the 
tip does not prevent the adjoining part from bending, 
if this part has already reecived some influence from 
the tip. As with horizontally extended radicles, of 
which the tip has been ent off or destroyed, the part 
which ought to bend most remains motionless for 
many hours or days, although exposed at right angles 
to the full influence of geotropiam, we must conclude 
that the tip alone is sensitive to this power, and trans- 
mits some influence or stimulus to the adjoining parts, 
causing them to bend. We have direct evidence of 
such transmission ; for when a radicle was left extended 
horizontally for an hour or an hour and a half, by 
which time the supposed influence will have travelled 
a little distance from the tip, and the tip was then 
cut off, the radicle afterwards became bent, although 
placed perpendicularly, The terminal portions of 
eoveral radiclos thus treated continued for some time 
to grow in the direction of their newly-acquired curva- 
ture; for as they were destitute of tips, they were no 
longer acted on by geotropism. But after three or 
four days when now vegetative points were formed, the 
radicles were again acted on by geotropism, and now 
they curved themselves perpendicularly downwards. 
To see anything of the above kind in the animal 
kingdom, we should have to suppose that an animal 
whilst lying down determined to rise up in some par- 
ticular direction ; and that after its head had been out 
off, am impulse continued to travel very slowly along 
the nerves to the proper muscles ; so that after sever 
honrs the headless animal rose up in the predever- 
mined direction. 

As the tip of the mdiele has been found to be the 
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part which is sensitive to geotropism in the members af 
such distinct families as the Leguminose, Mal: 
Cucurbitacem and Graminew, we may infer that | 
character is common to the roots of most seedling 
plants, Whilst a root is penetrating the ground, the 
tip must travel first; and we can see the advantage of 
its being sensitive to geotropism, as it has to deter- 
mine the course of the whole root. Whenever the tip 
is deflected by any subterranean obstacle, it will also 
be an advantage that a considerable length of the root 
should be able to bend, more especially as the tip 
itself grows slowly and bends but little, so that the 
proper downward course may be soon recovered. But 
it appears at first sight immaterial whether this were 
effected by the whole growing, part rh sensitive to 

, or by an influence transmitted exclusively 
from the tip. We should, however, remember that it 
is tho tip which is sensitive to the contact of hand 
objects, causing the radicle to bend away from them, 
thns guiding it along the lines of least resistanee in 
the soil, It is again the tip which is alone sensitive, 
at least in some cases, to moisture, causing the 
radicle to bend towards ita souree, These two kinds 
of sensitiveness conquer for a time the sensitiveness 
to geotropism, which, however, ultimately prevails. 
‘Therefore, the three kinds of sensitiveness must often 
come into antagonism ; first one prevailing, and them 
another ; anil well bo snide ca 
necessity, for the interweighing reconciling of 
these three kinds of sensitiveness, that they should 
be all localised in the same group of cells which haye 
to transmit the command to the adjoining parts of 
the radicle, causing it to bend to or from the source of 
irritation. 


Finally, the fact of the tip alone being sensitive to 
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the attraction of gravity has an important bearing on 
the theory of geotropism. Authors seem generally to 
look at the bending of a radicle towards the centre of 
the earth, as the direct result of gravitation, which is 
believed to modify the growth of the upper or lower 
surfaces, in such a manner as to induce curvature in 
the proper direction. But we now know that it is the 
tip alone which is acted on, and that this part trans- 
mits some influence to the adjoining parts, causing 
them to curve downwards. Gravity does not appear 
to act ina more direct manner on a radicle, than it 
does on any lowly organised animal, which moves 
away when it feels some weight or pressure. 
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CHAPTER XII. 
Somany axp Coxctcprse Rewawcs 

Naturo af the ch atin 1t—History of germinating 

eat—The ric fist profredes sod “eo 

highly wonsitivo—Kmergence of the hypocotyl or of the 

from tho ground under the form of an arch—fis 

nnd that of tho cotyledons—Tho soedling throws tip 

stem—Tho ciroumnutation of all the parts or onzwus 

ciroumnutatioon—Epinasty and hyponasty—Movementa of 

plants —Nyetitrople moremen!+—Movemnents excited by light 

gravitation —Localised sunsitiveness—Hesemblance between the 

movements of planta and antinal—Tho tip of the radiale wets like 

8 bmin, 
Tr may be useful to the reader if wo briefly sum up 
the chief conclusions, which, as far as we can 
have been fairly well established by the observations 
given in this volume, All the parts or organs in 
every plant whilst they continue to grow, and gome 
parts which are provided with pulvini after they have 
ceased to grow, are continually cireumnutating. ‘This 
movement commences even before the young 
has broken through the ground, The nature of the 
movement and its causes, as far as ascertained, have 
been briefly described in the Introduction. Why 
every part of a plant whilst it is growing, and in some 
eases after growth bas ceased, should aave its calls 
rendered more turgeseent and its cell-walla mom | 
extensile first on one side and then on another, thus 
inducing cireumnutation, is not known. Tt wonld 
appear as if the changes in the colls required periods 
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In some cases, as with the hypocotyls of Brassica, 
the leaves of Dionma and the joints of the Graminem, 
the circumnutating movement when viewed under the 
microscope is seen to consist of innumerable small 
oscillations. The part under observation suddenly 
jerks forwards for a length of 002 to -001 of an inch, 
and then slowly retreata for a part of this distance; 
after a few seconds it again jerks forwards, but with 
many intermissions. ‘The retreating movement appae 
rently is due to the elasticity of the resisting tissues. 
How far this oscillatory movement is general we do 
not know, as not many circumnutating plants were 
observed by us under the microscope; but no such 
movement could be detected in the ease of Drosera 
with a 2-inch object-glass which we used. The pheno- 
menon is a remarkable one, The whole hypocotyl 
of a cabbage or the whole leaf of a Dionwa could not 
jerk forwards unless a very large number of cells on 
one side were simultaneously affected. Are we to sup. 
pose that thess cells steadily become more and more 
turgescent on one side, until the part suddenly yields 
and bends, indusing what may be called a micro 
scopically minute earthquake in the plant; or do the 
cells on one side suddenly become targescont in an 
intermittent manuer; each forward movement thus 
caused being opposed by the elasticity of the tissues ? 

Circumnutation is of paramount importance in the 
life of every plant; for it is through ite modification 
thet mony highly beneficial or necessary movements 
have been acquired. When light strikes one side 
of o plant, or light changes into darkness, or when 
gravitation acts on a displaced part, the plant is 
enabled in some unknown manner to increase the 
always varying turgescence of the cells on one side; 
so that the ordinary circumnutating movement is 

242 
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modified, and the part bends either to or from the 
exciting cause; or it may occupy a new position, as 
in the so-called sleep of leaves. The influence which 
modifies cireumnutation may be transmitted from one 
part to another. Innate or constitutional ¢! 
independently of any external agency, often 

the circumnutating movements at particular 

of tho life of the plant. As circumnutation is uni- 
versally present, we can understand how it is that 
movements of the same kind have been Senleoe in 
the most distinct members of the 

But it must not be supposed that all the pia 
of plants arise from modified cireumnutation; for, as 
we shall presently see, there is reason to believe ‘that 
this is not the ease. 


Having made these few preliminary remarks, we 
will in imagination take a germinating seed, and con- 
sider the part which the various movements play in 
the life-history of the plant, ‘The first change is the 
protrusion of the radicle, which begins at once to 
circumnotate, This movement is immediately modi- 
fied by the attraction of gravity and rendered goo- 
tropic. The radicle, therefore, supposing the seed to 
be lying on the surface, quickly bends downwards, fole 
lowing a more or less spiral course, as was seen om the 
smoked glass-plates. Sensitivencss to gravitation mt 
sides in the tip; and it is the tip which transmits 
some influence to the adjoining parts, causing them 
to bend. As soon as the tip, protected by the roat- 
cap, reaches the ground, it penctrates the surfiee, if 
this be soft or friable; and the act of penetration is 
apparently aided by the rocking or ei 
movement of the whole end of the radicle. If the sur 
face is compact, and cannot easily be penetrated, them 
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the seed itself, unless it be a heavy one, is displaced 
or lifted up by the continued growth and elongation 
of the radicle, But in a state of natura seeds often 
get covered with earth or other matter, or fall into 
crevices, &c., and thus n point of resistance is afforded, 
and the tip can more easily penetrate the ground. 
But even with seeds lying loose on the surface there 
is another aid: a multitude of excessively fine hairs 
are emitted from the upper part of the radicle, and 
these attach themselves firmly to stones or other ob- 
jects lying on the surface, and can do so even to glass; 
and thus the upper part is held down whilst the tip 
presses against and penetrates the ground. The 
attachment of the root-hairs is effected by the lique- 
fuction of the outer surface of the cellulose walls, and 
by the subsequent setting hard of the liquefied matter. 
This curious process probably takes place, not for 
the sake of the attachment of the radicles to superficial 
objects, but in order that the hairs may be brought into 
the closest contact with the particles in the soil, by 
which means they can absorb the layer of water sur- 
rounding them, together with any dissolved matter. 
After the tip has penetrated the ground toa little 
depth, the increasing thickness of the radicle, together 
with the root-hairs, hold it securely in its place; and 
now the force exerted by the longitudinal growth of 
the madicle drives the tip deeper into the ground. 
This force, combined with that due to transverse 
growth, gives to the radicle the power of a wedge. 
Even a growing root of moderate size, such as that 
of a secdling bean, can displace a weight of some 
pounds. It is not probable thut the tip when buried 
in compact earth can actually circumnutate and thus 
aid its downward passage, but the cireumnntating 
movement will facilitate the tip entering any lateral 
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or oblique fissure in the earth, or o burrow made by 
an carth-worm or larva; and it is cortain that roots 
often rum down the old burrows of worms, ‘The tip, 
however, in endeavouring to cireumnutate, will cote | 
tinually press against the earth on all sides, and this | 
can hardly fail to be of the highest importance to the 
plant; for we have seen that when little bits of canl- 
like paper and of very thin paper were bre 
opposite sides of the tip, the whole " 
the radicle was excited to bend away from ace 
bearing the card or more resisting substance, towards 
the side bearing the thin paper, We may therefore | 
feel almost sure that when the tip encounters a stone 
or other obstacle in the ground, or even earth more 
compact on one side than the other, the root will bend | 
away ag much as it can from the obstacle or the more 
resisting earth, and will thus follow with ‘unerring | 
skill 0 line of least msistance, | 
The tip is more sensitive to prolonged contact with 
an object than to gravitation when this acts obliquely 
on the radicle, and sometimes even when it acts in the 
most favourable direction at right angles to the radicle. 
Tho tip was excited by an attuchod beud of 
weighing less than sfyth of a grain (033 mg.) ; it is 
therefore more sensitive than tho most dolicate ten= 
dril, namely, that of Pasaijlora gracilis, which was: 
acted on by bit of wire weighing ,)th of a grain. But 
this degroe of sensitivencss is as nothing compared with 
that of the glands of Drosera, for these are exci 
particles woighing only yg}yq of a gmin. ‘The 
tivenees of the tip cannot be accounted for by its 
being covered by a thinner ve cof tissue than this | 
other parts, for it is protected by tho relatively thick: 
root-cap, It is remarkable that 7 otha ‘the nvliclo 
bends away, when one side of the Spiaclighe eae 
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with caustic, yet if the side be much canterised the 
injury is too great, and the power of tranamitting eame 
influence to the adjoining parts causing them to bend, 
is lost. Other analogous cases are known to ocenr. 

After a radicle has been deflected by some obstacle, 
geotropism directs the tip again to grow perpendicu- 
larly downwards; but geotropism is a feeble power, 
and here, as Sachs has shown, another interesting 
adaptive movemeut comes into play; for radicles at 
a distance of a few millimeters from the tip are 
sensitive to prolonged contact in such a manner that 
they bend towards the touching object, instead of from 
it as occurs when an object touches one side of the 
tip. Moreover, the curyature thus caused ix abrupt; 
the pressed part alone bending, Even slight pressure 
suffices, such as a bit of card comented to one side, 
Therefore a radiclo, as it passes over the edge of any 
obstacle in the ground, will through the action of geo- 
tropism press against it; and this pressure will eanse 
the radicle to endeavour to bend abruptly over the 
odge. It will thus recover os quickly as possible its 
normal downward conrse, 

Radicles ure also sensitive to air which contains 
more moisture on one side than the other, and they 
bend towards its source. It is therefore probable that 
they are in like manner sensitive to dampness in the 
soil. It was ascertained in several cases that this 
sensitivencss resides in the tip, which transmits an 
influence causing the adjoining upper part to bend 
in opposition to geotropiam towards the moist object. 
We may therefore infer that roots will be deflected 
from their downward course towards any sonres of 
moisture in the soil. 

Again, most or all radicles are slightly sensitive to 
light, and, according to Wiesner, generally bend a little 
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from it. Whether this can be of any serviee to them 
is very doubtful, but with seeds germinating on the 
surface it will slightly aid geotropism in directing 
the radicles to the ground.* We ascertained im one 
instance that such sensitiveness resided in the tip, and 
caused the adjoining parts to bend from the 

‘The sub-adrial roots observed by Wiesner were all 
apheliotropic, and this, no doubt, is of use in bringing: 
them into contact with tranks of trees or surfaces of 
rock, as is their habit. 

We thus see that with seedling plants the tip of the 
radicle is endowed with diverse kinds of sensitivenoss ; 
and that the tip directs the adjoining growing parts 
to bend to or from the exciting cause, to the 
needs of the plant. Tho sides of the méicle are also 
sensitive to contact, but in a widely different manner, 
Gravitation, though a less powerful cause of move- 
ment than the other above specified stimuli, is ever 
present; so that it ultimately prevails and determines 
the downward growth of the root, 

. The primary radicle emits secondary ones whieh 
project sub-horizontally ; and these were observed in 
one case to circumnutate. Their tips are also sensitive 
to contact, and they are thus excited to bend away 
from any touching object; so that they resemble in 
these respects, as far as they were obseryed, the 
primary radicles. If displaced they resume, as Sachs 
has shown, their original sub-horizontal position; and 
this apparently is dae todiageotropism. The secondary 
radicles emit tertiary ones, but these, in the euse of 
the bean, are not affected by gravitation ; consequently 
they protrude in all diwetions, Thus the general 
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arrangement of the three orders of roots is excellently 
adapted for searching the whole soil for nutriment. 

Sachs has shown that if the tip of the primary 
radicle is ent off (and the tip will occasionally be 
gnawed off with seedlings in a state of nature) one of 
the secondary radicles grows perpendicularly dowr- 
wards, in a manner which ix analogous to the upward 
growth of a lateral shoot after the amputation of 
the leading shoot. We have seen with mdicles of the 
bean that if the primary radicle is merely compressed 
instead of being cut off, so that an excess of sap is 
directed into the secondary radicles, their natural con= 
dition is disturbed and they grow downwards, Other 
analogous facts have beon given, As anything which 
disturbs the constitution is apt to lead to reversion, 
that is, to the resumption of a former character, it 
appears probable that when secondary radicles grow 
downwards or lateral shoots upwards, they revert to 
the primary manner of growth proper to radicles and 
shoot. 

With pret aate! seeds, after the protrusion of 
the radicle, hypocotyl breaks through the seed- 
coats; but if the cotyledons aro hypogean, it is the 
epieoty] whieh breake forth. These organs are at first 
invariably arched, with the upper part bent back 
parallel to the lower; and they retain this form until 
they have risen above the ground. In some cases, 
however, it is the petioles of the cotyledons or of the 
first true leaves which break through the saed-coate 
as well ug the ground, before any part of the stem 
protrudes; and then the petioles are almost invariably 
arched, We have met with only one exception, and that 
only a partial one, namely, with the petioles of the two 
first leaves of Acanthus candelabrum. With Delphinium 
nudicaule the petioles of the two cotyledons are com- 
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pletely confluent, and they break through the ground 
as an arch; afterwards the petioles of the 
formed early leaves are arched, and they are thas 
enabled to break through the base: of the ‘oondubat 
petioles of the cotyledons. In the case of 
it is the plumule which breaks es ec atob dhiongHldlle 
tube formed by the confluence of the cotyledon- 
petioles, With mature plants, the flowerstems and 
the leaves of some few species, and the rachis of 
several ferns, as they emerge scparately from the 
ground, are likewise arched. 

‘The fact of so many differont organs in plants of 
many kinds breaking through the ground under the 
form of an arch, shows that this must be in some 


from abrasion, and this is probably the ee 
tion. Bat as both Jegs of the arch grow, ome 


coats and Haigertinrpe arr In the case of 
monocotyledons the plumule or cotyledon is rarely 
arched, as far as we have seen; but this is the case 
with the Jeaf-like cotyledon of the onion; and the 
crown of tho-arch is here strengtheuid/ yi 
protuberance. In the Graminew the summit of tho 
straight, sheath-like eotyledon is developed into a 
hard sharp crest, which evidently serves for 

through the earth. With dieotyledons ay 


iH 


para 
packed within the seed; but it is doubtfal whether 
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escaped from the seed-conts. As the arching occurred 
in whatever position the seeds were placed, it is no 
doubt due to temporarily increased growth of the 
nature of epinasty or hyponasty along one side of the 


rh, 

As this habit of the hypocotyl] to arch itself appears 
to be universal, it is probably of very ancient origin. 
It is therefore not gurprising that it should be in- 
horited, at least to some extent, by plants having 
hypogean cotyledons, in which the hypocotyl is only 
slightly developed and never protrudes above the 
ground, and in which the arching is of course now 
quite useless. This tendency explains, as we have 
seen, the curvature of the hypocotyl (and the canse- 
quent movement of tho radicle) which wag first 
observed by Sachs, and which we have often had to 
refer to as Sachs’ curvature, 

‘The several foregoing arched organs are continually 
circumnutating, or endeavouring to circumnutate, even 
before they break through the ground, As soon as 
any part of the arch protrudes from the seed-coats it 
is acted upon by apogeotropism, and both the legs 
bend upwards os quickly as the surrounding earth will 
permit, until the arch stands vertically, By continued 
growth it then forcibly breaks through the ground ; 
but as it is continually striving to cireamnutate this 
will aid its emergence in some slight degree, for we 
know thats ciroumnutating hypocotyl can push away 
damp sand on all sides, As soon as the faintest ray of 
light reaches a seedling, holiotropism will guide it 
through any eracle in the soil, or through an entangled 
mass of overlying vegetation; for apogeotropiam by 
itself can direct the seedling only blindly w 
Henee probably it is that sensitiveness io light: 







in the tip of the cotyledons of the Gramines, 
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the upper part of the hypocotyls of at least some 
plants, 


As the arch grows upwards the cotyledons ano 
dragged out of the ground. The secd-coats are either 
left behind buried, or are retained for o time still 
enclosing the cotyledons. These are afterwards cast 
off merely by the swelling of the cotyledons. But 
with most of the Cucurbitacew there is a curious 
special contrivance for bursting the seed-coats whilst 
beneath the ground, namely, a peg at the base of the 
hypocotyl, projecting at right angles, which holds down 
the lower half of the seed-eoats, whilst the growth 
of the arched part of the hypocotyl lifts up the upper 
half, and thus splits them in twain, A somewhat 
analogous structure occurs in Mimosa pudice and some 
other plants. Bofore the cotyledons are fully ex- 
panded and have diverged, the hypocotyl generally 
straightens itself by increased growth along the eon 
cave side, thus reversing the process which caused 
tho arching. Ultimately not a trace of the former 
curvature is left, except in the case of the leaf-like 
cotyledons of the onion. 

‘The cotyledons can now assume the function uf 
leaves, and decompose carbonic acid; they also yield 
up to other parts of the plant the nutriment which 
they often contain. When they contain a large stock 
of nutriment they generally remain buried beneath 
the ground, owing to the small development of the 
hypocotyl; and thus they have a better chance of 
escaping destruction by animals From unknown 
causes, nutriment is sometimes stored in the hypocotyl 
or in the radicle, and them one of the cotyledons or 
both become rudimentary, of which several instanees 
have been given. It is probable that the extraordi- 
nary mannor of germination of Megarrhiza Califoraica, 
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Tpomeea leptophyla and pandurata, and of 
virens, is connected with the burying of the tuber-like 
roots, which at an early age are stocked with nutri- 
ment; for in these plants it is the petioles of the 
cotyledons which first protrude from the seeds, and 
they are then merely tipped with a minute radicle and 
hypocotyl. These petioles bend down geotropically 
like a root and penetrate the ground, so that the true 
root, which afterwards becomes greatly enlarged, is 
buried at some little depth beneath the surface, Gra- 
dations of strueture are always interesting, and Asa 
Gray informs us that with Ipomea Jalappa, which 
likewise forms huge tubers, the hypocotyl is still of 
considerable length, and the petioles of the cotyledons 
are only moderately elongated. But in addition to the 
advantage gained by the concealment of the nutritious 
matter stored within the tubers, the plumule, at least 
in the case of Megarrhizo, is protected from the frosts 
of winter by being buried. 

With many dicotyledonous seedlings, as has lately 
been described by De Vries, the contraction of the 
parenchyma of the upper part of the radicle drags the 
hypocotyl downwards into the earth; sometimes (it is 
said) until even the cotyledons are buried. The hypo- 
cotyl itself of some species contracts in a like manner. 
Tt is believed that this burying process serves to 
protect the seedlings against the frosts of winter. 

Our imaginary seodling is now mature as a seedling, 
for its hypocotyl is straight and ita cotyledons are 
fully expanded. In this state the upper part of the 
hypocotyl and the cotyledons continue for some time 
to circumnutate, generally to a wide extent relatively 
to the size of the parts, and at a rapid rate. But 
seedlings profit by this power of movement only when 
it is modified, especially by the action of light and 
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gravitation ; for they are thus enabled to move more 
rapidly and to « greater extent than can most matore 
plants. Seedlings are subjected to a severe 

for life, and it appears to be highly important to 

that they should adapt themselyos us quickly and as 
perfectly as possible to their conditions, Hence also 
it is that they ure xo extremely sensitive to light and 
gravitation. The cotyledons of some few species are 
sensitive to a touch; but it is probable that this is 
only an indirect result of the foregoing kinds of sen- 
sitiveness, for there is no reason to believe that they 
profit by moving when touched. 

Our seedling now throws up a stem bearing leaves, 
and often branches, all of which whilst young are con- 
tinually circumnutating. If we look, for instanea, at a 
great acacia tree, we may feel assured that every one of 
the imumerable growing shoots is constantly describe 
ing small ellipses; as is each petiole, sub-petiole, and 
leatlet. The latter, as well as ordinary leaves, gene= 
rally move up and down in nearly the same yertical 
plane, so that they describe very narrow ellipses, 
The flower-peduncles are likewise continually eireum= 
nutating. If we could look beneath the ground, and 
our eyes had the power of @ microscope, we should see 
the tip of each rootlet endeavouring to swoup small 
ellipses or circles, as far as the pressure of the anne 
rounding earth permitted, All this astonishing amount 
of movement has been going on year after year since 
the time when, os a seedling, the tree first omerged 
from the ground. 

Stems are sometimes developed inte long runners or 
stolons. Thesecircumnutateina conspicuonsmanner, and 
aro thus aided in passing between and over surrounding: 
obstacles, But whethor the circumnutating movement 
has been increased for this special purpose is doubtful. 


ail 
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We have now to consider cireumnutation in a 
modified form, as the source of several great classes of 
movernent. The modifieation may be determined by 
innate causes, or by external agencies. Under the first. 
head we sce leaves which, when first unfolded, stand 
in a vertical position, and gradually bend downwards 
as they grow older. We see flower-peduncles bending 
down after the flower has withered, and others rising. 
up; or again, stems with their tips at first bowed 
downwards, 30 a8 to be hooked, afterwards straighten- 
ing themselves; and many other such casos, ‘These 
changes of position, which are due to epinasty or 
hyponasty, occur at certain periods of the life of the 
plant, and are independent of any external agency. 
‘They are effected not by a continuous upward or 
downward movement, but by a guecession of small 
ellipses, or by zigzag lines—that is, by a cireun- 
nutating movement which is preponderant in some 
one direction. 

Again, climbing plants whilst young circumnutate 
in the ordinary manner, but as soon as the stem 
has grown to a certain height, which is different for 
different species, it elongates rapidly, and now the 
amplitude of the circumnutating movement is im- 
monsely increased, evidently to favour the stem catch- 
ing hold of a support. The stem also circumnutates 
rather more equally to all sides than in the case of 
non-climbing plants. This is conspicuously the case 
with those tendrils which consist of modified leaves, 
as these swoop wide circles; whilst ordinary leaves 
usually circumnutate nearly in the same vortical plane. 
Flower-peduncles when converted into tendrils have 
their circumnutating movement in like manner greatly 
increased. 

We now come to our second group of cireumnu- 
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tuting movements—those modified through external 
agencies, The so-called sleep or nyctitropie move 
ments of leaves are determined by the daily alternma- 
tions of light and darkness, It is not the darkness 
whieh excites them to move, but the differanee in the 
amount of light which they receive during the day 
and night; for with several apecies, if the leaves have 
not been brightly illuminated during the day, they 
do not sleep at night. They inherit, however, some 
tendeney to move at the proper periods, ni 
dently of any change in the amount of light. 
movements are in some cases extraordinarily complex, 
but as o fall summary has been given in the chapter 
devoted to this subject, we will here say but little on 
this head. Leaves and cotyledons assume their noe 
turnal position by two means, by the aid ef pulvini and 
without such aid. In the former case the movement 
continues as long a3 the leaf or cotyledon remains in 
full health ; whilst in the latter ease it continues only 
whilst the part is growing. Cotyledons appear to 
sleep in a larger proportional number of species than 
do leaves. In some species, the leayes sleep and not 
the cotyledons ; in others, the cotyledons and not the’ 
leaves; or both may sleep, and yet ——ae 
different positions at night. 

Although the nyctitropic movements of leaves . prs: 
cotyledons are wonderfully diversified, and sometimes 
differ much in the species of the same genus, yot the 
blade is always placed in such « position at night, that 
its upper surface is exposed as little as ae 
radiation. We cannot doubt that this is the object 
gained by these movements; and it has beon 
that leaves exposed toa clear sky, with their blades 
compelled to remain horizontal, suffered mach more 
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their proper vertical position, Some curious facts 
have been given under this head, showing that hori- 
zontally extended leaves suffered more at night, when 
the air, which is not cooled by radiation, was prevented 
from freely circulating beneath their lower surfaces ; 
and go it was, when the leaves were allowed to go to 
sleep on branches which had been rendered motionless, 
Tn some species the petioles rise up greatly at night, 
and the pinnm close together. The whole plant is 
thus rendered more compact, and a much smaller 
surface is exposed to radiation. 

That tho various nyctitropic movements of leaves 
result from modifled circumnutation bas, we think, 
been clearly shown. In the simplest cases a leaf 
describes a single large ellipso durmg the 24 h.; and 
the movement is so arranged that the blade stands 
vertically during the night, and reassumes its former 
position on the following morning. The course pursued 
differs from ordinary circumnutation only in its greater 
amplitude, and in its greater rapidity late in the 
evening and early on the following morning. Unless 
this movement is admitted to be one of cireumnu- 
tation, such leaves do not cireumnutate at all, and this 
would be a monstrous anomaly, In other cases, leaves 
and cotyledons describe several yertical ellipses during 
tho 24h,; andin the evening one of them is increased 
greatly in amplitude until the blade stands vertically 
either upwards or downwards, In this position it con- 
tinues to circumnutate until the following morning, 
when it reasaumes its former position. ‘These move~ 
ments, when a pulvinus is present, are often compli- 
cated by the rotation of the leaf or leaflet ; and such 
rotation on a small scale occurs during ordinary cir- 
cumnutation. ‘The many diagrams showing the moye- 
ments of sleeping and nun-sleeping leaves and coty- 

20 
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Tedons should be compared, and it will be seen that 
they are essentially alike, Ordinary cireumnutation 
is converted into a nyctitropic movement, firstly by an 
increase in its amplitude, but not to #0 great a degree 
as in the case of climbing plants, and secondly by its 
being rendered periodic in relation to the alterna- 
tions of day and night, But there is frequently a 
distinct trace of periodicity in the circumnutating 
movements of non-sleeping leaves and cotyledons. 
‘The fact that nyctitropie movements occur in 
distributed in many families throughout the whole 
vascular series, is intelligible, if they result from the 
modification of the universally present movement of 
cireumnutation ; otherwise the fact is inexplicable, 

Tn the seventh chapter we have given the case of 
6 Porlieria, the leaflets of which remained closed all 
day, a8 if asleep, when the plant was kept dry, appa- 
rently for the sake of checking evaporation, 
thing of the same kind occurs with certain Graminew. 
At the close of this same chapter, a few observations 
were appended on what may be called the embryology 
of leaves. The leaves produced by young shoots of 
cut-down plants of Melilotus taurica slept like those of 
a Trifolium, whilst the leaves on the older branches 
on the same plants slept in a very different manner, 
proper to the genus; and from the reasons assigned 
we are tempted to look at this case a8 one of reversion 
to a former nyctitropie habit. So again with Dewo- 
dium gyrans, the absence of small lateral leaflets on 
very young plants, makes us suspect that the imme 
dinte progenitor of this species did not possess Iateral 
leaflets, and that their appearance in an almost rudi- 
mentary condition at a somewhat more adyanced age 
is the result of reversion to a trifoliate predecessor, 


However this may be, the ropid cireumnutating or 
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gyrating movements of the little Intoral leaflets, seom 
to be due proximately to the pulvinus, or organ of 
movement, not having been reduced nearly so much 
as the blade, during the snecessiye modifications 
throngh which the species has passed. 

We now come to the highly important class of 
movements due to the action of a lateral light. When 
stems, leaves, or other organs aro placed, ao that one 
side is illuminated more brightly than the other, they 
bend towards the light. This heliotropie movement 
manifestly results from the modification of ordinary 
circumnutation; and every gradation between the two 
movements could be followed. When the light was 
dim, and only a very little brighter on one side than 
on the other, the movement consisted of a succession 
of ellipses, directed towards the light, each of which 
approached nearer to its souree than the previous one. 
When the difference in the light on the two sides 
was somewhat greater, the ellipses were drawn out 
into a strongly-marked gigzag line, and when much 
greater the course became rectilinear. We have 
reason to believe that changes in the turgescence of 
the cells ia the proximate cause of the movement 
of circumnutation ; and it appears that when a plant 
is unequally illuminated on the two sides, the always 
changing turgescence is augmented along one side, 
and is weakened or quite arrested along the other 
sides. Increased turgescence is commonly followed by 
increased growth, so that a plant which has bent itself 
towards the light during the day would be fixed in this 
position were it not for apogeotropism acting during 
the night. But parts provided with pulvini bend, as 
Pfeffer has shown, towards the light; and here growth 
does not come into play any more than in the ordinary 
cireumnutating movements of pulyini. 

202 
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Heliotropism provails widely throughout the 
table kingdom, but whenever, from the changed habits 
of life of any plant, such movements become injurious 
or uscloss, the tendency is easily eliminated, as we see 
with climbing and insoctivorous plants. 

Apheliotropie movements are comparatively rare in 
a woll-marked degree, excepting with sub-aérial roots. 
In the two cases investigated by us, the movement 
certainly consisted of modified circumnutation. 

The position which leaves and cotyledons occupy 
during the day, namely, more or less transversely to 
the direction of the light, is due, according to Frank, 
to what we call diaheliotropism. As all leaves and 
cotyledons are continually cireumnutating, there ean 
hardly be a doubt that diaheliotropism results from 
modified cirenmnntat From the fact of leaves and 
cotyledons frequently rising a little in the evening, it 
appears a8 if diaheliotropism had to conquer during 
the middle of the day a widely provalont tendency to 
apogeotropism. 

Lastly, the leaflets and cotyledons of some plants 
are known to be injured by too much light; and when 
the sun shines brightly on them, they move upwaris 
or downwards, or twist laterally, so that they direct 
their edges towards the light, and thus they escape 
being injured. ‘These paraheliotropie movements cere 
tainly consisted in one case of modified circummuata- 
tion ; and so it probably is in all cases, for the Teaves 
of all the species described circumnutate in a con- 
spicuous manner. ‘This movement has hitherto been 
observed only with loaflets provided with pulvini, in 
which the increased turgescence on opposite sides is 
not followed by growth; and we can understand why 
this should be so, as the movement is required only 
for a temporary purpose. It would manifestly be dis- 
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advantageous for the leaf to be fixed by growth in its 
inclined position, For it has to assume its former 
horizontal. position, a8 soon as possible after the sun 
has ceased shining too brightly on it. 

The extreme sensitiveness of certain seedlings to 
light, a3 shown in our ninth chapter, is highly remark- 
able. The cotyledons of Phalarie became curved 
towards a distant lamp, which emitted so little light, 
that pencil held vertically close to the plants, did 
not cast any shadow which the eye could perceive 
on a white card. These cotyledons, therefors, were 
affected by a difference in he amount of light on their 
two sides, which the eye could not distinguish. The 
degree of their curvature within a given time towards 
a lateral light did not correspond at all strictly with 
the amount of light which they received; the light 
not being at any time in excess. They continued for 
nearly half an hour to bend towards a lateral light, 
after it had been extinguished. They bend with 
remarkable precision towards it, and this depends on 
tho illumination of one whole side, or on the obseura- 
tion of the whole opposito side. Tho difference in the 
amount of light which plants at any time receive in 
comparison with what they have shortly before re- 
ceived, geems in all cases to be the chief exciting cause 
of those movements which are influenced by light. 
Thus seedlings brought out of darkness bend towards 
adim lateral light, sooner than others which had pre- 
viously been exposed to daylight. We have seen 
soyeral analogous cases with the nyctitropie move- 
ments of leaves. A striking instanes was observed in 
the ease of the periodic movements of the cotyledons 
of a Cassia; in the morning a pot was pl in an 
obscure part of a room, and all the cotyledons rose up 
closed; another pot had stood in the sunlight, and 
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the cotyledons of course remained expanded; both 
pots were now placed close together in the middle of 
the room, and the cotyledons which had been exposed 
to the sun, immediately began to close, while the 
others opened ; #0 that the eotyledons in the two pots 
moved in exactly opposite directions whilst 

to the same degre of light. 

We found that if scodlings, kept in a dark place, 
were laterally illuminated by a small wax taper for 
only two ot three minutes at intervals of about three 
quarters of an hour, they all became bowed to the 
point where the taper had been held. We felt much 
surprised at this fact, and until we had read Wiesner’s 
observations, we attributed it to the after-eflects of 
the light; but he has shown that the same degree 
of curvature in a plant may be induced in the 
course of wn hour by several interrupted illumina- 
tions lasting altogether for 20 m., as by a continuous 
illumination of 60 m. We believe that this case, 
as well as our own, may bo explained by tho ex 
citement from light being due not so much to its 
actual amount, as to the difference in amount from 
that previously received; and in our case there were 
repeated alternations from complete darkness to light, 
In this, and in several of the above specified respects, 
light scoms to act on the tissues of plants, almost im 
the same manner as it does on tho nervous system 
of animals. 

‘There is # much more striking analogy of the same 
kind, in the sensitiveness to light being localised im 
the tips of the cotyledons of Phaloris and Avena, and 
in the upper part of the hypocotyls of Brassica and 
Beta; and in the transmission of some influence from 
these upper to the lower parts, causing the latter to 
bend towards the light, ‘This influence is also truns- 
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mitted beneath the soil to a depth whore no light 
enters, It follows from this localisation, that the 
lower parts of the cotyledons of Phalaris, &e., whieh 
normally beeome more bent towards a lateral light 
than the upper parts, may be brightly illuminated 
during many hours, and will not bend in the least, if 
all light be excluded from the tip. It is an interest- 
ing experiment to place caps over the tips of the 
cotyledons of Phalaris, and to allow a very little light 
to enter through minute orifices on one side of the 
caps, for the lower part of the cotyledons will then 
bend to this side, and not to the side which has been 
brightly illuminated during the whole time, In the 
case of the radicles of Sinapis alba, sensitiveness to 
light alao resides in the tip, which, when laterally 
illuminated, causes the adjoining part of the root to 
bend apheliotropically, 

Gravitation excites plants to bend away from the 
centre of the earth, or towards it, or to place them- 
selves in a transverse position with respect to it, 
Although it is impossible to modify in any direct 
manner the attraction of gravity, yet its influence 
could be moderated indirectly, in the several ways 
described in the tenth chapter; and under such 
ciroumstances the same kind of evidence as that given. 
in the chapter on Heliotropism, showed in the plainest 
manner that apogeotropic and geotropic, and probably 
diageotropic movements, are all modified forma of 
cireumnutation. 

Different parts of the same plant and different 
species are affected by gravitation in widely different 
degrees und manners. Some plants and organs exhibit 
hardly a trace of its action. Young seedlings which, 
as we know, circumnutate rapidly, are eminently sensi- 
tive; and we have scen the hypocotyl of Beta bending 
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upwards through 109’ in 3h. 8m. ‘The after-effects 
of apogeotropism last for above half an hour; and 
horizontally-laid hypocotyls are sometimes thus ear- 
tied temporarily beyond an upright position. The 
benefits derived from geotropism, apogeotropism, and 
diageotropism, are generally so manifest that they 
need not be specified. With the flower-peduncles of 
Oxalis, epinasty causes them to bend down, so that 
the ripening pods may be protected by the calyx 
from the rain. Afterwards they ae a bps 

apogeotropism in combination with hyponnsty, | 
ri thus enabled to scatter their seeds over a wider 
space, The capsules and flower-heads of same plants 
are bowed downwards through geotropism, and they 
then bury themselves in the earth for the protection 
and slow maturation of the seeds, ‘This burying 
process is much facilitated by the rocking movement 
due to eircumnntation. 

In the case of the radicles of several, probably of all 
seedling plants, sensitiveness to gravitation is confined 
to the tip, which transmits an influence to the ii 
upper part, causing it to bend towards the centre of 
the earth. That there is tranamission of this kind was 
proved in an interesting manner when horizontally 
extended radicles of the bean were exposed to the 
attraction of gravity for 1 or 14 h., and their tips wore 
then amputated. Within this time no trace of curve 
ture was exhibited, and the mdicles wore now placed | 
pointing vertically downwards; but an influence had 
alroady been transmitted from the tip to the adjoining 
part, for it soon became bent to one side, in the same 
manner as would have occurred had tho tadicle 
remained horizontal and been still acted on by geo 
tropism. Radicles thus treated continued to grow out 
horizontally for two or three days, until a new tip was 
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reformed ; and this was then acted on by geotropism, 
and the radiele became curved perpendicularly down- 
wards. 


It has now been shown that the following important 
classes of movement all arise from modified cireum- 
notation, which is omnipresent whilst growth lasts, 
and after growth has ceased, whenever pulvini are 
present. ‘These classes of movement consist of those 
due to epinasty and hyponasty,—those proper to 
climbing plants, commonly called revolving nutation, 
—the nyetitropic or sleop movements of Jeaves and 
cotyledons,—and the two immense classes of move 
ment excited by light and gravitation. When we 
speak of modified cireummnutation wo mean that light, 
or the alternations of light and darkness, gravitation, 
slight pressure or other irritants, and certain innate 
or constitutional states of the plant, do not directly 
cause the movement; they merely lead to a tempo- 
rary increase or diminution of those spontaneous 
changes in the turgeseence of the cells whieh are 
already in progress, In what manner, light, gravita- 
tion, &e., act on the cells is not known; and we 
will here only remark that, if any stimulus affected 
the cells in such a manner as to cause some slight 
tendency in the affected part to bend in a beneficial 
manner, this tendency might easily be ineressed 
through the preservation of the more sensitive indi 
viduals, But if such bending were injurious, the 
tendency would be eliminated unless it was over- 
poworingly strong; for we know how commonly all 
characters in all organisms vary. Nor ean we see any 
reason to doubt, that after the complete elimination of 
a tendency to bend in some one direction under a 
certain stimulus, the power to bend in a directly 
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opposite direction might gradually be acquired throngh 
natural selection." 

Although so many movements have arisen through 
modified circumnutation, there are others which 


appear to have had a quite independent origin; but 


assumes the same position as when asleep, but Bracke 
has shown that this movement results from a different 
state of turgescence in the cells from that which 


touch can hardly be thus due. The back of a leaf of 
Drosera rotundifolia wax cemented to, the sammit of 
a stick driven into the ground, so that it could not 
move in the least, and a tentacle was observed during 
many hours under the microscope; but it exhibited 
no circumnutating movement, yet after being mo- 
mentarily touched with « bit of maw ment, its basal 
part began to curve in 23 seconds, This 
movement therefore could not have foes 
modified cireumnutation. But when a small objeet, 
such aa a fragment of a bristle, was placed on one side 
of the tip of u radicle, which we know is i 


hardly doubt that it is due to modified circumma- 
tation. A flower of a Mahonia was cemented to & 
stick, and the stamens exhibited no signs of ciream- 
nutation under the microscope, yet when predese 
lightly tonched they suddenly moved towards the pistil, 
Lastly, the curling of the extremity of a tendril when 
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touched seems to be independent of its revolving or 
circumnutating movement. ‘This is best shown by the 
part which is the most sensitive to contact, cireum- 
nutating much less than the lower purts, or apparently 
not at all.* 

Although in these cases we have no reason to 
believe that the movement depends on moditied cir- 
cumnutation, as with the several classes of movement 
described in this volume, yet the difference between 
the two sets of cases may not be so great as it at 
first appears. In the one set, wn irritant causes an 
increase or diminution in the turgescence of the cells, 
which are already in a state of change; whilst in the 
other sot, the irritant first starts a similar change in 
their state of turgescenee. Why « tonch, slight 
pressure or any other irritant, such as electricity, heat, 
or the absorption of animal matter, should modify the 
turgescence of the affected cells in such amanner as to 
cause movement, we do not know. Buta touch acts in 
this manner go often, and on such widely distinet, plants, 
that the tendency seems to be a very general one; and 
if beneficial, it might be increased to any extent. In 
other cases, @ touch produces a very different effect, 
as with Nitella, in which the protoplasm may be seen 
to recede from the walls of the cell; in Lactuea, in 
which a milky fluid exudes; and in the tendrils of 
certain Vitacem, Cucurbitacew, and Bignoniacew, in 
which alight pressure causes a cellular outgrowth. 

Finally, it is impossible not to be struck with the 
yesemblance between the foregoing movements of 
plants and many of the actions performed uncon 
sciously by the lower animals.f With plants an 
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astonishingly smal] stimulus suffices; and even with 
allied plants one may be highly sensitive to the 
slightest continued pressure, and another highly sensi- 
tive toa slight momentary touch. The habit of pe riregie 
at certain periods is inherited both by plants 

animals; and several other points of similitade haye 
been specified. But the most striking resemblance ie 
the localisation of their sensitivences, and the transmais- 
sion of an influence from the exeited part to another 
which consequently moves. Yet plants do not of course 
possess nerves or a central nervous system; and we 
may infer that with animals such structures serve only 
for the more perfect transmission of impressions, and 
for the more complete intercommunication of the 
several parts. 

We beliove that there is no structure in plants more 
wonderful, as far as its functions aro concerned, than 
the tip of the mdiclo. If the tip be lightly pressed 
‘or burnt or cut, it transmits an influence to the upper 
adjoining part, causing it to bend away from the 
affected side; and, what is more surprising, the tip 
can distinguish between a slightly harder and softer 
object, by which it is simultanconsly pressed on oppo- 
site sides. Tf, however, the radicle is pressed bya 
similar object a little above the tip, the pressed part 
does not transmit any influence to the more distant 
parts, but bends abruptly towards the object. If the 
tip perceives the air to be moister on one side than 
on the other, it likewise transmits an influence to the 
upper adjoining part, which bends towards the souroe 
of moisture. When the tip is excited by light (though 
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in the case of radicles this was ascortained in only a 
single instance) the adjoining part bends from the 
light ; but when excited by gravitation the sume part 
bends towards the centre of gravity. In almost every 
case we can clearly perceive the final purpose or adyan- 
tage of the several movements, ‘Iwo, or perhaps more, 
of the exciting causes often act simultaneously on the 
tip, and one conquers the other, no doubt in accord- 
ance with its importance for the life of the plant. 
‘The course pursued by the radiclo in penetrating the 
ground must be determined by the tip; hence it 
has acquired such diverse kinds of sensitiveness. It 
is hardly an exaggeration to say that the tip of the 
radicle thus endowed, and having the power of 
directing the movements of the adjoining parts, acta 
like the brain of one of the lower animals; the brain 
being seated within the anterior end of the body, 
receiving impressions from the sense-organs, and 
directing the several movements. 
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DAVY (Ste Hewrune),  Conusasio in Traysl; oF, last Daye 


Belmenias et, Daye, of, Fly. iskiags Woodents. 


Peap.t 
DARWIN (Cmanuza) WORKS — 
Joenxan oy 4 Navonatier ovata a Vorscr norxp ene 
‘Woaro. Grown §vo, 9%, 
‘Onrar ov Srxores vr Marans or Narvniy area or, the 
i 4 tics Macos tn tbe Stragata for Life, Wordeuts, 
Variavion cy Axmeans oxo Puasta oxen Downerscaricte 
Woodeats, 2 Vols. Crown avo, 18s, 
Descess oy Max, ann Sutzertox rx Hetaston 90 See, 
Woodcots, Orowa Sr. On 
Exrinsstons o 712 Exortors te Max axn Axneirs With 
Uk S00, 13K, 





‘Vantovs Coxrxirancea we wwtom Oncmips any Faeriurenn 
av Ivsncrs. Woodeats CrownBvo. Or 

Movenusrs asp Hams ov Cimmiso Pussrs, Woodeuts, 
Crown BY. Ge 


Tnerorrvonovs Puaxs, Woodcuts, Crown bro. Me 

Ervacrs ov Cross axp Sew Fexsiteatiox 14 rie Veaetante 
‘Xixovon, Grown wo, 121. 

Dirrexext Yours op Frowmns ox Puasrs oF He same 
Braces, Crowa Bvo, 10% Oi 

Facrs axp Anavaxst ron Darwin, By Tiss Motien 
‘Tramatated by W, 3, Dastas. Woodevm ove ro. 
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DENNIS (Gronae). The Cities and Geacig 3 ‘rei A 
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‘Viane and 15) Blustmations, 2 vole. 


DENT sons Annals of Tay oe Sadeley, With 120 
tox and Woodeuta to, 4h, 


DERBY, as dof, Home adel, Bo 


ne ‘Dans Witnees of the Praline to Christ aud Chris- 
‘The Bampton Leetores for 1878. B¥O. 
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ELPHINSTONE (Hox. Movwrervazt). History of Indis—the 
Yladoo, and Mahomedan Periods, Halted by Vaorzuton Cownin 
ap. 


——. ._(. W,) Patterns for Turning; Comprising 
‘Euiptical aoa other Figures cut on the Lathe withoat the ues of any 
Grotmental Chuck.” With'70 liluatratioos: ‘Brall do ‘ibe 


ENGLAND. Seo Causcorr, Caoxes, Hume, Maxnax, Suirn, 
‘and Staxnore. 
ESSAYS ON CATHEDRALS. With an Introduction, By 
eax Howsox. 8ro. 12. 
ELZE (Kant). Life of Lord Byron. With a Critical Easey on his 
Placa in Literature. Translated from the German, With Portalt. 670, 16s, 
FERGUSSON (James). History of Architecture in all Countries 
from the Earliest Times. With 1,600 Ilutratlons, 4 Vola, Medium 8vo, 
‘Vol. I. & Il. Ancient and Medimval. 6 
Vol. Ill. Indian & Eastern, 424. Vol.1V. Modem. Sle. 6d, 
Bude Stone Monuments in all Countries; their Age 
‘and Uses, With 290 Illustrations, Medium 80, 24s. 
Holy Sepulchre and the Temple at Jerusalem, 
Woodeats, ro. Ts, 6d. 
Temples of the Jews and other buildings in 
the Huram Area at Jerusalem, With Ilustrations. to. 424. 
FLEMING (Prorzseos), Student's Manual of Moral Philosophy. 
With Quotations and References, Post 8v0, 7s. 6. 
FLOWER GARDEN. By Rev. Tos. Jawzs, Feap. 870. 1s. 
FORBES (Carr. C. J. F.8) Sketches of Native Burmese ; Life, 
‘Manners, Custom, and Leligion. Crown 60, Un the Pres. 
FORD (ronan). Gatherings from Spain, Post 8vo, 86. 6d, 
FORSYTH (Wit1ax). Hortensius; on Historical Essay on the 
Ofice and Dutles of an Advocate, Illustrations. vo, 12s. 
—- — — History of Ancient Manuscripts, PostSvo. 22, 6d. 
Novels and Novelists of the 18th Century, in 
Tilustration of the Manners and Morals ofthe Age. ost 8vo. 10s, 64, 
FORTUNE (Rosxaz), Narrative of Two Visits to the Tea Countries 
of Cbiba, 1845-52, Woodeuts, 2 Vola, Post 8v0. 18s, 
FORSTER (Joux). The Early Life of Jonathan Swift. 1667-1711. 
‘With Portrait, vo, 181. 
FOSS (Epwanv). Biographia Juridica, or Biographical Dictionary 
fof the Judges of England, frou the Conquest wo the Present Time, 
Yooe-teto. Medium 8¥o. 212, 


FRANCE (History ov). See Manxnax—Swirz—Student’s. 
FRENCH IN ALGIERS; The Soldier of the Foreign Legion— 


‘and the Prisoners of Abd-el-Kadir. ‘Translated by Lady Dcvr Goapos. 
Post Bvo. 2. 


FRERE (Sr Bantun). Indian Missions. Small 8vo. 2s. 6d. 
——--—- Eastern Africa as a field for Missionary Labour, With 
‘Map. Grown Sro, 62. 


——— Bengal Famine. How it will be Met and How to 
‘Prevent Futnre Famines in Incia. With Maps. Crown vo. 64. 
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GALTON agen a Aik olay pata a 


oxoonariny, See Caoxxx—Surtn—Srerexrs, 

GKOGRAPHICAL SOCIETY'S JOURNAL. (Published Ye 

GEORGE (Exxxer). she Nears Bee of Twenty Etchings, 
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a ALo nfl Researches of Receal Commentators ‘Dr. 
‘ Woodents. fens LA 
arreakh Eras) Deets of Naral Daring 06 Ancooles of 
ouanstoxE We) ite ‘td the Novo Fuhlons ta 
Thre Trae tre 
GLEIO'(G. R}. Campaigns of tho British Army ot Washington 
‘sod Now Orleans. Pout 





———~ Sir Thomas, ‘Bv0. 34. 

GLYNNE (Gm Serynay Ih). Notee on tho Churches ef Kent. 
‘With Ereface by W, 11. Gladstoue, MP, Mustrations. Srm Tie 

GOLDSMITH'S (Otsven) Workn "Edited with Notes by Peres 
Cummeamat Vignot ms. 

ORDER oe dar een acon 

ar 
——— (Lav = “Ambar-Witch: A ‘Telal for Witebe 
Fa 





Anmaurux, 2 Vole. 32, 
Mews Woran. ‘wi Critical Remarks, Dy Asex. Barn, 
Ferien. roe Mts. 
Pracwores ‘ox Heimeat, Sussrces. With atroductlon, By 
Larenus ow Smiizaauiny ts 1647. @a 
ox 4 
Pensosas Lere Compiled frees teen Parally Dacumeats, Original 
Latins, Se. By More. Gxors. 
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‘pentof the New Broaunclation, and a full Erase of eons, bing 
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uk CONSTITOTION: 


cs at, History or Exatax, from the Acgos- 
‘slo Death of Gonnge the Beoond, Zivary 
baslipyr ieee users abe, 


‘Student's Edition of the above work. Edited by Wa. 
Surrm, DCL, Post Svo, 7. Gf, 


Tiswet of Boxore vorexo tive Minos Aor. Library 
Bilition. 3 Vola. Bv0, Bs, Cabinet Eiiblon, 3 Vola, Post Gro, 12+, 


a Battion. oe oe | Bors work, Evited by Wx. 


Tarn Tamer ov heirs suai a LE, SETE, AED 
Biition, 


Adbrary Blidion, 8 Yois.Brv, 860, 
Teac Ponte. ee 


HALLAMS (Axe) Literary }Remaina; tn Verve and Prose 
HAMILTON (Gar, Sis F, W.)., History ofthe Grenadier Guards. 
Rocrdnbee Wie isewatone, 8 Vola” Wwe, an > moan! 
HARTS ARMY LIST. (Published Quarterly ond Annually) * 
HAY (im J, HD: ‘Western Barbary, ite Wild riber 
Ce stage nian Fe ore es 








HEAD'S (Sm Paunore) WORKS -— 
‘Toe Rorat Everex. Tlustrations, Siro. 12s. © 
Lars or 8x Joux Bonoorxe.* Poot 8vo, 1s, 
Rar Jouneeré actors re Paveeas, Post ro, 2s, 


‘Bownces yrow rae Browses ov Nasiav, [lsstrations, Post 
Bro Fes Ge 


— asp 8 Porsss or, the Londen and North Western 


snap (Koo) al sad Wa; or, Future Anxitiary 


HEBER'S (Disuor) Journals (n India. 2 Vole. Post Sra, Ta 
Poetical Works, Portmlt, Peap. S10. 8% Gil 
‘Hymas adspted to the Church Service. 18m. 1», Gi, 
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FOREIGN HANDBOOKS. 
HAND-BOOKSTRAVELTALE, English, French, German, and 
SS HOLLAND AND BELGIUM, May and Plans, 








RO ERMAN Y, — Warlembang, od 
‘payin tan Banabe, ts Us fo te Bah Be Slaps Beker 
Dilla yee Pe oe 


ro he 
LIVES OF EARLY PLEMISH PAINTERS, By 
Coows and Cavasdanecia Tiheetratiomn 
ae AW ITERELAMD, fay ee ete 
TRANCE, Part 1. N 
Alps, tho Loire, the Bcise, (be Garuane, and 








PARIS, and its Eavirons Map, Imo. 34. Od 


—————_ SPAIN, Madrid, The pelea The 
Sen eee 


es lth SS ‘Lispos, Terte, Cintra, Mafra, deo. 








~ Orr ae Terie, Miho, the 
on tas, yen, Mat, 
Featieeebar ee ini emo 

= loreace, Lees, ‘The 





‘Macrben Ueabele, and late Petiaony of Bt, Peter’, Bag. “Won. 
—— ROME ase irs Exviscon Mop. Peet Sva, 1s, 


ave lQUUEITALY, Naples, Pumpelly Merelanena, 
— TSPAINTINO. 1 The Kalise Sehecl, Mastmtlons 


LIVES OF ITALIAN _ PALXVERS, rm. Crass 
ansavo. Dy Mire Jameson, Poewreitn Feat Bre nt 
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HAND-BOOK—RUSSIA, 82. Parznssunc, Moscow, Potaxn, and 
Fintasp, Maps, Post Sve. 18s. 








TURKEY IN ASIA—Consrantixortx, the Bow 
horus, Dardanelles, Rrouss, Plain of Troy, Crete, Cyprus, Smyrna, 
Bpuesbe, the Gover Churches, Coasts of the Bisck Bes,” Armenia, 
Mesopotamla, ae. Maps, Post 80, Se. 

EGYPT, including Descriptions of the Course of 
the Nile through Egypt and Nubla, Alexandria, Cairo, and The 
Suez Canal, the Pyramids, the Boulasula of” Siaal, the Oase 
Fyoom, &.' Map. Post Sv6. 16 

HOLY LAND—Srara, Patestre, Peninsula 
Sinai, Edom, Syrian Deserts,Petrs, Damascun; and Palmyra, M¢ 
Poot vo, 200. 44° Travelling Map of Palestina. To a cage.” 1 

INDIA— Boxnay a> Mamas, Map. 2 Vole, 
Post Bro, 12s, euah. 












ENGLISH HANDBOOKS. 
HAND-BOOK—MODERN LONDON. Map. 16mo. 8s. éd. 
— —-- -— ENVIRONS OF LONDON within a circuit of 20 

miles. 2 Volt, Crown 8v0, 21+. 

EASTERN COUNTIES, Chelmsford, Harwich, Col- 
x, Maldon, Cambridge, Ely, Newmarket, Bury St. Edmuods, 
Ipewieh, Woodbitdge, Felixstowe, Lowestoft, "Norvicb, Yarmouth, 
Gromer, &e. Map and Plana.” Post vo, 12s, 

CATHEDRALS of Oxford, Peterborough, Norwich, 
Ely, and Lincoln, With 90 Illustrations, Crown @vo. 16s. 
— KENT, Canterbury, Dover, Ramsgate, Sheerness, 
Rochester, Chatham, Woolwich. "Map. Fost 6vo. 7s. 6d, 
_ —--— SUSSEX, Brighton, Chichester, Worthing, Hastings, 
Lewes, Arundel, &2. Map. Post 8v0, 61, 
SURREY AND HANTS, Kingston, Croydon, Re!- 
Fate, Guildford, Dorking, Bexhill, Winchester, Southampton, New 
Foren, Portsmouth, and leis oy Wiont, Maps. ost 8vo, "10s, 
BERKS, BUCKS, AND OXON, Windeor, Eton, 
ng, Aylesbury. Uzbridge, Wycombe, Henley, the City and Unt- 
aly of Osler, Blanbe aod the Descent of the Tiatee. Map, 
oat Bro, Ta. Bd. 

'WILTS, DORSET, AND SOMERSET, Salisbury, 
am, Weymouth, Sherborne, Wells, Bath, Bristol, Tana! 
prgahas, Wermouth Bath, Bristol, Taunton, 

DEVON AND CORNWALL, Exeter, Ilfracombe, 
Linton, &ldmouth, Dawlish, Tolgamouth, Plymouth, Devouport, Tor. 
‘quay, Lanncaston, Truro, Penzance, Falmouth, the Lizard, Land's Bd, 
de aiape, Post 8v0. 125. 

CATHEDRALS of Winchester, Salisbury, Exeter, 
s, Chichester, Rochester, Cantarbury, and St. Albans.” With 196 


Tllustrations, 2 Vols. Crown vo. 38s. ‘St. Albans separately, crown 
yo, 62, 


GLOUCESTER, HEREFORD, any WORCESTER 
Cirencester, Cheltenhass, Strond, Tewkesbury, Leominster, Ross, Mal- 
Fa, Kidderminster, Dudley, Bromsgrove, Evesham. Map. Poat ro, 94. 
CATHEDRALS of Bristol, Gloucester, Hereford, 
‘Worcester,and Lichfield, With 60 Illustrations. Crows 6vo. 168. 
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CLASS A. 


HISTORY, BIOGRAPHY, 
1. SIEGE OF GIBRALTAR. aly 
vous Damnewaran. e 
2,THE AMBER-WITCH. By. 
‘Lape Dory Gounox. as. 
3, CROMWELL AND MUNYAN. 
‘By Roar’ 7. Mh 
4. LIFRor SmYRANCIS DRAKE, 
‘By Jous Baxnow, 


5. CAMPAIGNS AT WASHING: 
‘TON, By Rev,G.M. Guero, Bn 


1. THE FALLOF THE JESUITS, 


S. LIVONIAN TALES, an 
a LIFE Op conpé. ‘By Loup Max 
‘now. 


10. SALES BRIGADE. By Rev. 
GH. Gua. Bs 








AND HISTORIG TALES, 
1, THLE, SIBDER OF, VIENNA, 
By Lonw Eiueonan, 2h 


12, THE WAYSIDE, CHOBE, By 
Care, Miuatax. Ta 


SKETOHES of GHRMAN LIFE. 
ts By 8m A.Gonpon. 34, a 


MT hy. Got Sake 


18. AUTORIOGRAPHY OF STRP- 
PENS. 


6, THE BRIT PORTE, By 
"THOMAS CAMP HL 94; 64, 


17. MISTONIGAL ESBAYS. By 
Ton MAwo¥, 84, 02, 


Mie Ok Ge deed 
MOSGAME oy dis Poti ac 


20. LIFE OF MUNNO. Dy Iter.0, 
RGumo, 3160. 





‘CLASS 3B, 


VOYAGES, TRAVELS, AND ADVENTURES. 
18 LETTERS YOM MADIAS. By 


By 


2. BIBLE IN SPAIN. By Gxoron 
Bomnow. 34. 6d. 

2 GYPSIES ov SPATN. Ny Groowe 
‘Bonaow, 8% le 

S44 JOURNALS IN INDIA, Dy 

Eisuor Iixaxs, 3 Vol Ta 

8 TRAVELS ers HOLY LAND. 
Diy Tua and Maxocem 84, 

& MonDGCO AND THE MOORS, 
By J. DavwMOKo Hay, 

eerie Yost ree BALTIC. 
iy s Lanr. 

& NEW SOUTH WALES. By ites, 
‘Mesaptra, 2. 

9. THE WERE INDIRA. ‘ty M.6, 

a0 skTORS OF Penta. vy 


Fous MALCOLM. 3. ft, 
2. enon OF FATHEK 11PA_ 
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KEN'S (Brsuor) Life, By a tareax Portrait, 2 Vola Sr, 38%, 
——— Exposition of the Aposties’ Creed, Idmo, le. éd, 
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fan Maauommces re oe Panwosiae 70 YUE Paton, With 
Small Country House. A Brief Practica! Diseonran 
ee We Sapp 





Ste peat tra ae 
cent Light a Took, for Arehiets, Sarrezor, 
ATE: Matonia) Stadeaty Bhackitons, A. Systematic 
Fo eed | 
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SANGRE" eae Limite of Religious Thought Examined. 
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MOSSMAN (Saxver). New Japan; the Land of the Rising Sun ; 
‘ts Annals and Progress daring tie past Twenty Yaars, recording the 
mnritleHpsreas of te Japan a Wartara Givkation With 

MOZLEY" (Casos). restive -on the Augustinian doctrine of 
Predoctination. Crowa 60. 92, 

Primitive Doctrine of Baptismal Regeneration, Post. 80. 

MUIRHEAD (J1s.). The Vaux-de-Vire of Maistre Jean Le Houx, 
‘Advocateof Vice. ‘Translated and Edited. Wien Pormralt aud Illus. 
itations. Bro, 2 

MUNRO'S (Geenat) Life and Letter, By Rav. G. I. Gutta. 
Post Bro. 8s. 6d. 

MURCHISON (Sim Rovearce). Silaria; or, a History of the 
Oldest rocks eontalning Uryanie Remains. Map and Plates. v9, 186, 

fh Notices of his Contemporaries, 
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MUSTERS' (Cars) Patagoniauy; a, Years, Wanderings over 
Untrodden Ground frou the Stralts of Magellan to the Kio Negro, 
Mlusteations. Post @vo. fa, 6 

NAPIER (Siz Wa). _Engliah Battlos and Sieges of the Peninsular 
War. Portrait, PostBvo, 9. 

NAPOLEON at Fowtarveseav ano Exoa. A Joarnal of 
Oceurranoas and Nites of Conversations. By sia Nrit. Caxeartt, 
Ga Wit a Homotr by we ar N-C Mactdontar, Mea. Portal 

NARES (Sm Grovce), Oficial Report to the Admiralty of 
the rvcaat Arti Expedition. Map. vo. 8. 6d. 

NASMYTH ano CARPENTER The Mosn. Considered ar a 
Planet, « Worl, and a Satellite, With {astrations from Drawings 
rade with the nid of Powerit Telescopes, Woodetta, 2. 400. Bos. 

NAUTICAL ALMANAC (Tux), (By Authority.) 22 6d, 7 

NAVY LIST. (Monthly and Quarterly.) Post 80. 

NEW TESTAMENT. With Short Explanatory Commentary. 
Ry Anonoracox Cnvarox, M.A, and Anciotadox Bast Joxes, M 
‘With 110 authentic Views, &c. "Vols. Ucown Bvo 210. low 

NEWTH (Save). Firat Book of Natural Philosophy ; an Intro- 
Auction to the Stady of Statics, Dynamics, Mydrowtaties, Light, I-at, 
and Goind, with nameroes Exauplos, New aud ealarged dition’ 
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—— "Mathematical Examples. A Graduated Series 
of Elementary Examples in Arithmetic, Algebra, Logarithms, Trigo- 
ometry, and atechaaics. Snill Bro. 8.62 

RICHOLS' (J. G.) Pugrimages to Walsingham and Canterbury 

. Teanalatad, with Notes, With Ilustrations, Post Sro, 6 

- 1 — "(Sim Gronos) History of the Saglish Poor Laws, 
2 Vola, “Bro, 
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SMITH'S (Da. Wx). DICTIONARIES :. 

Dicroxany op tHe Broug; its Antiquities, Biography, 
Geography, and Natural History. Iilostrations. 8 Vola. Bro. 103s. 

Coscrse Bratz Drerroxans. With 300, Illustrations, Medium 








vo. Ls. 
Saatuer Braue , Dictiosany. | With Mlustrations. Post 
Gro. 7s, 6d. . 


Cnnisriax Axriqurtres, Comprising the History, Insti- 
tuuons, and Antiqalties of the Christian Caureh, With Illustrations, 
Votr't! “Bye. ‘ats, 6d,” (ro bu completed ia 2 vols) 

Gantsrzax Broonarny, Lirsaatuas, Sxors, axo Doctnixes; 
fovm the Tics of th Apostle tothe Age of Charlamasae, Vol. I. v0 
Bis.6d.” (To bseoploted in 3 vole) 

Gnarzx axp Rowax Axtiguities, With 500 Illustrations, 
Medium 8ve, 28 

Greek axp Roxsx Biocnsruy amp Mrrnozocy. With 600 
Uluetratieas. 8 Vols, Bedluin Bro, 4 44 

Greex axp Roway Groorsrur, 2 Vols, With 500 Illustrae 
‘tlons, Medium So, 56, " 

Arias or Axciexr Geocrarmy—Brourcay axp Chassieat. 
Folio, 62.6. 

Cuasstea, Dicrroxary or Mvtotoay, Broanarny, 430 
Groonaray. 1'Vol, With 750 Woodcuts, 8ro. 18, 

Swatten Cuasstcat Dictiomanr, With 200 Woodeuta, Crown 
Bro, 74.64. 

Saavien Greek axp Rowan Anriquities. With 200 Wood- 
cuts. Crowa 6v0. 7s. 6d, 

Cournere Laris-Exauise Dictioany. With Tables of the 
Roman Calendar, Measures, Welxhts,and Money. Bro. la, 

Suattea Larie-Exauist Drotrovany, 12mo, 7s, 6d. * 

Cortous asp Critican Esuutsu-Latix Diotronany. v0, 21s, 

Saauter Exoutsn-Latis Diertoxany, 12mo. 7s. 6d. 


SMITH’S (Dn. Wx.) ENGLISH COURSE :— 
Sontoot, Maxvat ov Exoutsn Guaxsan, wrrit Cortous EXeuctses, 
Post 6ro, Ws 8, 
Scnoos Maxvay or Moneny Geooriray, Puvstcan axp 
Political. Post 6ro. 5 
Pavtany Excuist Grawwan, 16mo, 1s. 
Parwary Histoay or Briratx. 12m, 2s, 6d. 


SMITH’S (Da. Wx.) FRENCH COURSE :— 2 

Farscn Privciets. Part I. A. Firat Course, containing a 
Grammar, Delectus, Exercises, and Vorsbaletios, t2mo, 8. 64 

Fasxon Pnrxcirrs, Part It, A Reading Book, containing 
Fables, Stories, and Anecdotes, Natural History, ant Soenes from the. 
History of Francs, With Grammation Qivsloay, Notes aad eoplous 
Etymologteat Dietioaary. Limo. at. 8d 

Faxon Parscrris. Part IL{, Pros: Composition, containing 
' Syatamatie Conse of Exorelsse om tho Syntax, with ‘the Principal 
Rules of Syntax. 12mo, Us the Press. 

Srupent's "Fasc Grawxan. By C. Henow-Waus. With 
Totroduetion by M. Litre. Post Avo, 74. 67. 

Bwaiuen Grawoin or rie Faexcn [amavan. ; Abridged 
from the above. 12m0. 4, 6. 
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Manuals ov Caxtenuony Catmenzat, Woodonte, Post 
4. fa. 
wammcoster Anmer. Wich Iiustratons, Sra. i 
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